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The EMC Effect:
a major open puzzle in nuclear physics
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Quarks and nuclei are scale-separated.

Gigaelectron-Volt scale > Megaelectron-Volt scale
(GeV) (MeV)



Short-range correlations are ubiquitous in nuclel.

Pae,



In my talk today:

Background

m Review of structure functions and the EMC Effect

The SRC-EMC Connection

m Could the EMC Effect stem from nuclear correlations?

Experiment
m How to put this hypothesis to the test.
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Structure functions “vell our ignorance.”

“A successful theory must enable us to calculate the structure functions
and form factors...”
—David Griffiths, Intro to Elementary Particles



We can connect structure functions
to internal parton distributions.
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Proton structure is simplified
In the “infinite momentum frame”
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Proton structure is simplified
In the “infinite momentum frame”

For very large energy and momentum transfers:

dQdE’  MEQ*

do E'a? [Q?
X

EE
= 4+ 2xM? (

!

Q2

- 1)] Fa(x)
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Proton structure is simplified
In the “infinite momentum frame”

For very large energy and momentum transfers:

do K(E. 86, E') x Fx(x)
dQdE’
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Proton structure is simplified
In the “infinite momentum frame”

For very large energy and momentum transfers:

do _ K(E,0,E')x ) xe?(q
dQdE' Z
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Momentum distribution, F», can tell us about
the structure of the proton.
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Momentum distribution, F», can tell us about

the structure of the proton.

FQ(X)

0.6

0.5

0

02 04 06 038
Momentum fraction x

1



When learning about a new structure function
ask questions!

m What experimental cross-section?
m What connection to hadron structure?

®m |In what limits is this connection accurate?
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When learning about a new structure function
ask questions!

m What experimental cross-section?
Inclusive e~ deep-inelastic scattering

m What connection to hadron structure?
Distribution of momentum fraction, x

®m |In what limits is this connection accurate?
Q2 — 00, W — 0
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The set-up can be configured to select x.

10 GeV beam

23



Cross-sections can be measured
with high-resolution spectrometers.
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Cross-sections can be measured
with high-resolution spectrometers.

OETECTOR
SHIELOING

ELEVATION
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Cross-sections can be measured




Alternatively, trade resolution for acceptance.

ZEUS Experiment, DESY
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Mapping out the quark momentum in protons
has been a triumph of DIS and QCD.

H1 and ZEUS Combined PDF Fit
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Mapping out the quark momentum in protons

has been a triumph of DIS and QCD.
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What is F» for a nucleus?
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What is F» for a nucleus?
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What is F»

for a nucleus?
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Nuclear F> does not scale
with that of deuterium.

Aubert et al., PLB 123B (1983)
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SLAC Measurements (Gomez et al.,
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Jefferson Lab Hall C (Seely et al., 1999)
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We use the slope to characterize
the size of the EMC Effect.
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We use the slope to characterize

the size of the EMC Effect.
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The EMC Effect grows with nuclear size.
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Can Fermi-motion explain the effect?
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Can Fermi-motion explain the effect?
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How can we explain the EMC effect?

)
EMC Models]
\_

Nucleon ) Nuclear Nucleon
Motion y Pions Modification

42



How can we explain the EMC effect?

)
EMC Models]
\_

Pl AN

Nucleon ) Nuclear Nucleon
Motion Pions Modification

43



How can we explain the EMC effect?

)
EMC Models]
\_

Nucleon ) Nuclear Nucleon
Motion Pions Modification

Nucleus modifies
all nucleons

44



How can we explain the EMC effect?

)
EMC Models]
\

Nucleon ) Nuclear Nucleon
Motion Pions Modification

Nucleus modlfles A few nucleons
all nucleons modified a lot
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In my talk today:

Background

m Review of structure functions and the EMC Effect

The SRC-EMC Connection

m Could the EMC Effect stem from nuclear correlations?

Experiment
m How to put this hypothesis to the test.

46



The nucleus as a box of fermions.

Log Probability
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The nucleus as a box of fermions.

Log Probability

Nucleons in 12C
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The NN force has a repulsive core.
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The NN force has a repulsive core.
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The nucleus as a box of fermions.

Log Probability

Nucleons in 12C
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How often do nucleons correlate?

— About 4-5 times more than in deuterium.

Carbon / Deuterium
B. Schmookler et al., Nature (2019)
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Proton-neutron pairs are much more likely
than proton-proton or neutron-neutron.

pp-Pairs / np-Pairs
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Proton-neutron pairs are much more likely
than proton-proton or neutron-neutron.
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“np-Dominance” has been confirmed

even In very neutron-rich neuclel.

pp-Pairs / np-Pairs
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Key facts about short-range correlations

Universal feature of nuclei
Interactions within the pair > rest of the nucleus

np-pairs predominate by 20x
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Key facts about short-range correlations

Universal feature of nuclei
Interactions within the pair > rest of the nucleus
np-pairs predominate by 20x

Pair density correlates with the EMC Effect
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SRC pair density correlates with the EMC Effect.

EMC Slope
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We studied this trend through data

work led Barak Schmookler

MIT PhD 2016

Nature 566 p. 354 (2019)

Liquid Hydrogen C, Al, Fe, or Pb
or Deuterium

m 5 GeV e~ beam

m Deuterium target AND
C, Al, Fe, Pb

m CLAS detector

m Measured quark distributions
and SRC pair density

mining.

60



We measured the EMC Effect and pair densities.
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We measured the EMC Effect and pair densities.
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We measured the EMC Effect and pair densities.

EMC Slope
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The SRC-EMC hypothesis predicts
“Universal Modification”

The modification of an SRC pair should be independent of nuclear
structure.
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Isolating the modification of an individual pair:

Assume only np pairs

F3=(Z- ”éRc)sz'i‘ (N = nére)F2 + ”éRc(sz* + F3)
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Isolating the modification of an individual pair:

Assume only np pairs

F3' = ZFJ + NFJ 4 nérc(AFS + AFY)
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Isolating the modification of an individual pair:

Assume only np pairs

F5' = ZFY + NFY + nésc (AFS + AFY)

FD = F§ — Ff — nec(DFS + AFE)
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Isolating the modification of an individual pair:

ng.(AFY + AF))
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Isolating the modification of an individual pair:

g (AF + AF) [ _2(Z-N)F) 2N
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Isolating the modification of an individual pair:
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Isolating the modification of an individual pair:
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EMC Data vary significantly by nucleus.
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The

Universal function

modification of SRC pairs is universall
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In my talk today:

Background

m Review of structure functions and the EMC Effect

The SRC-EMC Connection

m Could the EMC Effect stem from nuclear correlations?

Experiment
= How to put this hypothesis to the test.
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We need to measure the EMC Effect
iIn SRC nucleons specifically!
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We can isolate SRC nucleons by
“tagging” a correlated partner.

fragments of
- struck nucleon
recoiling spectator nucleon

Mom. of the scattered e~ — determine quark momentum
Mom. of the spectator — determine if SRC configuration
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The SRC hypothesis predicts more modification

with larger spectator momentum.
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Two upcoming experiments at Jefferson Lab
will complement each other.

BAND

m quarks in protons

m detect recoil neutrons

m JLab Hall B

m Data taking just started!

LAD

m quarks in neutrons
m detect recoil protons
m JLab Hall C

m Data taking ~ 2021
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Beamline

PCal/ECal










“Backward Angle Neutron Detector”
will detect recolling spectator neutrons

scattered
electron

CLAS12
BAND

Spectator
neutron

11 GeV e Ny .
I Deuterium
JLab Hall B

jet from
struck quark
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BAND is made up of modular bars
made of scintillating plastic.

@ neutron

m f; — tr —> position

[ %(tL + tr) — flight time — momentum
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BAND is made up of modular bars
made of scintillating plastic.

>
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BAND just started taking data
and we see neutrons!
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B with photon path length correction
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The SRC hypothesis predicts more modification

with larger spectator momentum.
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The SRC hypothesis predicts more modification
with larger spectator momentum.
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“Large Acceptance Detector”
will detect recoiling spectator protons.

scattered
electron

11 GeV e~

JLab Hall C

jet from
struck quark
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LAD is three panels of scintillator bars,
reused from the original CLAS.

AREIrEe RN ||

\Double| | | ‘

| Panels || | | Double
RRSERARE NE Panels |

96






The SRC hypothesis predicts more modification
with larger spectator momentum.
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The SRC hypothesis predicts more modification
with larger spectator momentum.
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To Recap:

scattered
electron

CLAS12
BAND

Spectator
neutron

I Deuterium
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m The EMC Effect

11 GeV e~
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m Experimental tests
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To Recap:

m The EMC Effect
m The SRC-EMC hypothesis

m Experimental tests
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We will have a definitive test of the SRC-EMC
hypothesis in the next few years!

R 4
o e 8

Gigaelectron-Volt scale >> Megaelectron-Volt scale
(GeV) (MeV)

Will it explain why scale separation is violated?
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