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Short-Range Correlations Across Scales




Quarks in SRCs and Nuclei




How does QCD dynamics affect the
identity of nucleons in nuclei?




Quark Momentum Suppression
in Nuclei (EMC Effect)

= JLab Hall C

-= This work

Xg = quark
momentum
fraction

Aubert et al., PLB (1983); Ashman et al., PLB (1988); Arneodo et al., PLB (1988); Allasia et al.,
PLB (1990); Gomez et al., PRD (1994); Seely et al., PRL (2009); Schmookler et al., Nature (2019) 3



Quark Momentum Suppression

38 years, > 1000 publications, no consensus.

Effect driven by nuclear structure & dynamics

= JLab Hall C

= This work

Xg = quark
momentum
fraction

Aubert et al., PLB (1983); Ashman et al., PLB (1988); Arneodo et al., PLB (1988); Allasia et al.,
PLB (1990); Gomez et al., PRD (1994); Seely et al., PRL (2009); Schmookler et al., Nature (2019) 3



Log Momentum Distribution

SRC Picture of Nuclei

Nucleon Momentum



EMC - SRC Correlation

O
o

Au)

O
»

O
w

EMC Slope (A/d)

=
—

=
o

L. I S |

| | | 1 [ 1 | 1 | l | 1 | 1 l 1 | 1 1
0. b 2 3 i 5 6
Nature (2019); RMP (2017); IJMPE SRC Fraction (A/d)

(2013); PRC (2012); PRL (2011); ...

)



Bound = ‘Quasi-Free’ + Modified SRCs

Log Momentum Distribution

Nucleon Momentum



Log Momentum Distribution

‘Quasi-Free’

+ Modified SRCs

(A — #SRC,) - FY + #SRC, - FyRC¢

Nucleon Momentum



Bound = ‘Quasi-Free’ + Modified SRCs
F# = (A—-#SRC,)) -FY + #SRC,- F3R¢

v’ Measured v’ Measured v Measured Can extract!

Log Momentum Distribution

Nucleon Momentum



SRC Universality!

SRC Pairs

All Nucleons

[F3'/Al/1F5 /2]

° A
= JLab Hall C

- This work

Schmookler et al., Nature (2019);
Segarra et al., Phys. Rev. Lett. (2020);
Segarra and Pybus et aI Phys. Rev. Research (2021)
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Verified Predictions!
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Next Step: Nuclear Quark-Gluon
Distributions From Global Analysis




Introduction to nPFDs

(2) Theory

e nCTEQ15 DIS
* nCTEQ15 DY
JLAB 6GeV DIS

Utilizing PRD
b 103, 114015
(2021)
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Introduction to nPFDs

(3) Fit

new!
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Utilizing PRD
103, 114015
(2021)
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Introduction to nPFDs

(4) Extract Flavor-Dependent Distributions
Carbon PDFs (Q =2 GeV)

—— nCTEQ15- - - DEU
—— nCTEQ15HIX

Utilizing PRD
103, 114015
(2021)

12



Nuclear Quark-Gluon Distributions
From Global Analysis

g (x,02) = (1 — %) X 7% (x, Q%) +

Yosre X7 (x,Q7)

Utilizing PRD
103, 114015
(2021)
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Nuclear Quark-Gluon Distributions
From Global Analysis

g (x,02) = (1 — %) X 7% (x, Q%) +

Yosre X7 (x,Q7)

=» Nuclear dependence comes in via a single,
flavor independent, parameter: %SRC

Utilizing PRD
103, 114015
(2021)
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Nuclear Quark-Gluon Distributions
From Global Analysis

g (x,02) = (1 — %) X 7% (x, Q%) +

Yosre X7 (x,Q7)

=» Nuclear dependence comes in via a single,
flavor independent, parameter: %SRC

Reminder: traditionally nuclear dependence is a complex

xff/A(x, Qo) = cox“1(1 = x)2e*(1 4 e“x)S,

- parametrization:
e
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I’ﬂlIUtilizing PRD b
R ci > ci(A) = s+ a5(1 -A™)



v’ Describes Data Well

Nuclear DIS (EMC + Shadowing)

LHC p+Pb W production

—— baseSRC X*/Nyai = 0.42
—— PNSRC x?*/Ngata = 0.57
® CLAS 2019 Fe/D

FEEIFS (FRIFS)g

—— baseSRC x2/Ngata = 1.21
—— pNSRC x?/Ngata = 1.26
¢ CMSW-8TeVpPb

—— baseSRC x?/Ngata = 0.71
—— pnSRC x?/Ngata = 0.86
® FNAL-E772-90 W/D

Nuclear
Drell-Yan

Utilizing
PRD 103,
114015
(2021)
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v’ Describes Data Well

Nuclear DIS (EMC + Shadowing)

LHC p+Pb W production

1 —— baseSRC x?/Ngaa = 0.01
—— PNSRC x%/Ngata = 0.01
® CMSZ5TeVpPb

—— baseSRC x?/Nga, =0.78
—— PNSRC x2/Ngata = 0.72
® FNAL-E886-99 Fe/D

Utilizing > Nuclear
PRD 103, o0
114015 5 o4 05 os o7 08 o Drell-Yan
(2021) X




v’ Describes Data Well

reference x?/dof=0.85
pnSRC x?/dof=0.82
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Utilizing
PRD 103,
114015

(2021)
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v’ Correctly Predict SRC Abundances

o
N

This work (partonic)
Previous data (nuclear)
Theory (nuclear structure)

o
(&)

O
N

c
9
©
S
| S
L
)
&)
c
)
o
c
S
o
<
O
oC
w

i
—

102
Nuclear Mass Number, A
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v’ Correctly Predict SRC Abundances

First (?) prediction of a nuclear structure
property, i.e. SRC abundance, from purely
partonic observables!

102
Nuclear Mass Number, A
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+ Enhanced Valance SRC Modification

nCTEQ15HIX Pb

reference C

reference Fe

reference Pb no data constraints JLAB
baseSRC SRC no data constraints

o= 107t 0.2 : 0.6 0.8

X




Nuclear Interaction Universally Impacts
Quark-Gluon Distributions

Neutron Proton np
7 Ao
d u, + d”,.’,:_?“ =+ d U d

19
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*nCTEQ Collaborators




Thank you!

' Exciting
Times Ahead!



