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The EMC Effect: Universal Nuclear
Effect
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The EMC Eﬁect:@versal uclear
Effect
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The EMC Effect: Universa@cle@

Effect
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The EMC Effect: Universal Nuclear

Effect
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Study (e,e") Data using CLAS6 Detector
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Kinematic Coverage and Event

Selection
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SIMULATJ

Yield (arb.)

AMLAMAAMAAN & F
Z

Yield (arb.)

o

0.06

0.04

002

o7

005

0.04

0.02

Cross-Section Ratio Extraction

Scattered Electron OF, W = 1.8 GeV, Q% > 1.5 GeV*, y,_ <085

Q? [GeV7]

Scattered Electron x_, W = 1.8 GeV, Q%> 1.5 Ge\?, y, < 0.85

0.2 08

Yield (arb.)

Yield (arb.)

Scattered Electron W, W = 1.8 GeV, @7 = 1.5 GeV*, y_ <0.85

0.08

0.05

0.04

0.02

o

W [GeV]

Scattered Electron v, W =1.8GeV, 0% = 1.5 GeV?, y, < 0.85

0.08

0,05

0,04

0.02

=

0.5

11



Cross-Section Ratio Extraction
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Cross-Section Ratio Extraction

RCXCC Luminosity and Dead-Time
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DATA
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Cross-Section Ratio Extraction
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DATA
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Our New EMC Effect Measurements
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Our New EMC Effect Measurements
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Our New EMC Effect Measurements
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Our New EMC Effect Measurements
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Our New EMC Effect Measurements
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Our New EMC Effect Measurements
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Short Range Correlations (SRC)
Nucleon pairs that are close together in the nucleus

Momentum space: high relative and low c.m.
momentum, compared to the Fermi momentum (kg)
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Short Range Correlations (SRC)

Nucleon pairs that are close together in the nucleus

Momentum space: high relative and low c.m.

momentum, compared to the Fermi momentum (kg)
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Scaling: High-momentum
component of nuclear

wave functions are deuteron-like.
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Short Range Correlations (SRC)
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Inclusive quasi-elastic scattering —
minimum nucleon momentum depends on Q? and x_

We access high-momentum part of the nuclear wave
function at large Q* and x_

27



(c/A)/(c,/2)

Our New SRC a, Measurements
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(0,/A)/(0,/2)

Our New SRC a, Measurements
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(0,/A)/(0,/2)

Our New SRC a, Measurements
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(0,/A)/(0,/2)

Our New SRC a, Measurements
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Back to the EMC Effect

* Two leading approaches for describing the
EMC effect:

1)All nucleons are slightly modified when bound in
nuclel

2)Nucleons are unmodified most of the time, but are
modified significantly when they fluctuate into SRC
pairs
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Observed EMC-SRC Correlation
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L. Weinstein et. al., Phys. Rev. Lett. 106, 052301 (2011)

O. Hen et al. Phys. Rev. C 85 047301 (2012).

O. Hen et al., Rev. Mod. Phys. 89, 045002 (2017)
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Observed EMC-SRC Correlation
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- | a -0.07004 + 0.003658
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Can We Take This Idea Further?
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X <0.7

EMC Slq

L. Weinstein et. al., Phys. Rev. Lett. 106, 052301 (2011)
O. Hen et al. Phys. Rev. C 85 047301 (2012).
O. Hen et al., Rev. Mod. Phys. 89, 045002 (2017)
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Use the Isospin Dependence of SRC Pairs
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Use the Isospin Dependence of SRC Pairs
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Bound = ‘quasiFree’ + Modified SRCs
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Bound

= ‘quasi Free’ + Modified SRCs
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Bound

!

F3

‘quasi Free’

!

ZEP + NF}!

+ Modified SRCs

!

+ nfrAEF + AF})

AF3 = F3'* — F3'
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Bound = ‘quasi Free’ + Modified SRCs

! 1 )

Ff = ZEP +NF} + nfrdAEF + AF})

Not Well Constrained

> i =FEf + F + n)RC(AFP + AF})

Can Solve for F"
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Bound = ‘quasi Free’ + Modified SRCs

! 1 )

Ff = ZEP +NF} + nfrdAEF + AF})

AF3 = F3'* — F3'

> i =FEf + F + n)RC(AFP + AF})
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Universal???
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Everything is Known
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[F5'/A]/[Fy /2]

Universal EMC Modification Function
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Universal EMC Modification Function
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[F5'/A]/[Fy /2]

Universal EMC Modification Function
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Universal!!!
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Universal EMC Modification Function
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Interlude: Free Neutron Extraction
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Focus on Neutron-Rich Nuclel
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Focus on Neutron-Rich Nuclel

@n: EMQ
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Focus on Neutron-Rich Nuclel

@n: EMQ

show no growth for
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Form New Per-Neutron (Proton) Quantities

Per-Neutron Quantities:
Op 1

O'A/Z

O'Dl

Per-Proton Quantities:
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Form New Per-Neutron (Proton) Quantities

Per-Neutron Quantities:
Op 1

A , A
dR%MO/dZE = (M) X dREMC/dLC Uy — (M) X a9
. oalZ

Per-Proton Quantities:
Op 1

A
Winclr = (577) < Rowcltr = (577 ) <o
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Per-Neutron (Proton) Ratios: What Does
Our Model Predict?
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Per-Neutron (Proton) Ratios: What Does
Our Model Predict?
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New EMC-SRC Correlation
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New EMC-SRC Correlation
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Thank You !



Additional Slides



Uncertainties on DIS Cross-Section
Ratios

Source Point-to-point (%) Normalization (%)
Time-Dependent Instabilities — 1.0

Target Thickness and Cuts — 1.42-1.58
Acceptance Corrections 0.6 (2,5)

Radiative Corrections ——

Coulomb Corrections — 0.1
Bin-Centering Corrections 0.5 —

Total 0.78 1.81-1.94
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Uncertainties on QE Cross-Section

Ratios

Source Point-to-point (%) Normalization (%)
Time-Dependent Instabilities — 1.0

Target Thickness and Cuts — 1.42-1.58
Acceptance Corrections 1.2 (2.5,10) —
Radiative Corrections — 0.5
Coulomb Corrections — 0.2-1.0
Bin-Centering Corrections 0.5 —
Kinematical Corrections 0.3 —

Total 1.33 1.82-2.18
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EMC Slopes are Stable to Kinematic
Cut
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Effect of our Isoscalar Corrections

Neutron normalization Proton normalization
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EMC-SRC Correlations with Isoscalar
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