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Short-range correlation in nuclear structure
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Different Ways to Probe SRC

m Momentum distribution of nucleons
Limited to low momentum region
m Knock out experiments

[—

m Hard hadronic processes: structure function
modifications JLab’s major
EMC effects =Activities:
Fast moving partons Quark
m (Structure function at xg>1) ]

3/8/22 3



= S
Bound = ‘quasi Free’ + Modified SRCs
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_Universality is the key to establish the physics
" | associated with SRC!!
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Universality of SRC Contributions

m Different processes
Same SRC pair contribute to different hard processes
Universal partonic structure

m Different nuclei

Only depend on the probability of the SRC pair,
nuclear dependence same for different processes

Link different nuclei by the SRC factors
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EMC: nuclear modification of structure

functions

m DIS structure function measures the parton
distribution in nucleon/nucleus

y © Aubert M
/ O Benvemn (BCDM!
-~ k'=(E.K") & Gomez
k= (E.k) . <4
e I - S ) i
g =N o SS- L
el . o [ T EEy I
e+ p —> e + anything S SPadioem: §9*gt [
/S (quarks, i }
= 3
- it ‘} ? z
p=(M000)__
: Deep Inelastic Scattering Lt e e 1

FA=Z F PN Fyn o /4
rm o o,/2
3/8/22



Universality: Quark Sector
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Parton distributions in nucleus:
SRC contributions

m Because of isospin symmetry:
ga(z, Q%) = Agp(x, Q%) + 2n%,..0G(x, Q%)
Compare to the quark sector
F =(Z—nge) Ff + (N—ngpc) B + ngpe (Ff "+ )

—=ZF}f + NF! + n& o (AEP + AF]")

o SRC Factor: nA_ .
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EMC Effects in Charm F, at EIC

2 [T NNPDF2.0 - | o\ e (Tomscey
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. 2112.11904 ~_
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There is no constraint for the gluon:  Gluon momentum=x(1+4m_2/Q2)
EPPS16, 1612.05741; nNNPDF, See also, Kelsey et al,2107.05632;
2006-14629; nCTEQ, 2007.09100; Aschenauer et al, 1708.05654:
UJu21, 2112.11904 Chudakov, 1610.08536
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Universality of the nuclear modifications
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Quark sector: Isospin dependence
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See also, Hen et al,1908.02223
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Universality of SRC: two facts

m EMC effects for different nuclei can be described
by the same universal SRC contributions

Quark/gluon shall differ

m The same SRC factor for both quark and gluon
sectors

Any other place to study the gluon sector?
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Jpsi production at sub-threshold

m Jpsi production in photo-nuclear collisions

UfyA—>J/¢(\/3’yp) — A%p—u/w(v S'YP)
+ nfrc("ﬁ(pn)—)J/zﬁ(V S’YP) o 207p—>J/¢( V S'Yp))

m Below the photon-proton threshold

Oy amsdp(Vorp < Mp+ M) = 1 0 pm) s/ s(V37)
m Universality

Oya—/p(\/Syp < Mp +My;y) _ Nire _ F3'(zp)

|1.5<:L‘B<2.0

. Onasafp(y/Syp < M+ Mypy)  nd,  Fi(zp) ™
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Example: Deuteron Case

Dijy

0yD(Wap) = 2/d3k,0n(k)]?(k)‘7fyp(wfyp’)

Nucleon’s /dkan(k) _q
Momentum distribution
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Photon-proton cross section as input

—
o

o(yp — JApp), nb

| —=— SLAC
1 —A— Cornell
--=- Kharzeev etal. x 2.3
. | —— JPAC P;(4440)
| — — incoherent sum of:
2g exch. Brodsky et al
3g exch. Brodsky et al

E, GeV 20

GlueX Coll., PRL 2019, 1905.10811
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Heavy quarRomum production near
threshold: a very hot topic

Near threshold heavy vector meson photoproduction at LHC and EicC,

Ya-Ping Xie, V.P. Gongalves, e-Print: 2103.12568 [hep-ph]

QCD Analysis of Near-Threshold Photon-Proton Production of Heavy Quarkonium.
Yuxun Guo, Xiangdong Ji, Yizhuang Liu, e-Print: 2103.11506 [hep-ph]

Trace Anomaly of Proton Mass with Vector Meson Near-Thresholds Photoproductior
Wei Kou, Rong Wang, Xurong Chen e-Print: 2103.10017 [hep-ph] p
Nucleon mass radii and distribution: Holographic QCD, Lattice QCD and GlueX data,
Kiminad A. Mamo, Ismail Zahed, e-Print: 2103.03186 [hep-ph]

$\phi$-meson lepto-production near threshold and the strangeness $D$-term,

Yoshitaka Hatta, Mark Strikman e-Print: 2102.12631 [hep-ph]

Proton mass decomposition: naturalness and interpretations,

Xiangdong Ji, e-Print: 2102.07830 [hep-ph]

Extraction of the proton mass radius from the vector meson photoproductions near thresholds,
Rong Wang, Wei Kou, Ya-Ping Xie, Xurong Chen e-Print: 2102.01610 [hep-ph]

The mass radius of the proton,

Dmitri E. Kharzeev, e-Print: 2102.00110 [hep-ph]

Quantum Anomalous Energy Effects on the Nucleon Mass,

Xiangdong Ji, Yizhuang Liu e-Print: 2101.04483 [hep-ph]
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Sub-threshold Jpsi production in photon-
deuteron collisions
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A Generic nucleus
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SRC Unlversallty

18




Extend to Open Flavors

m Charm and Bottom quarks and Upsilons

as well
OyA—J /¢ | _ ONASTY | l
Ond—sJ /2 Woyp<Mpy/y Ond—sT Wap <Mpx
A A
OyA—ce _ Nsre F2 (xB) |1 S <20
p— . — . T .
O~d—scc Wap<Mpee ngrc F2d($B) 7
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Universality: Gluon Sector
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*
Summary

m Heavy flavor production in eA collisions provide the
gluonic probe of the nucleon-nucleon short range

correlation in nucleus

m Charmonium (Jpsi) can be easily measured at Jlab
Small cross section could be challenge

m Charm structure function and Upsilon can be studied at
the future EICs
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