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Short-Range Correlations (SRC)




Today: Short-Ranged Interactions
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(1) New SRC & EMC data.

* Nature 560, 617 (2018)

e PRL121, 09201 (2018)

e arXiv: 1810.05343 (2018)
+ 3 not on arXiv




(1) New SRC & EMC data.

(2) SRC as a new bridge
between nuclear-
structure and quark-
gluon dynamics.
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EMC Effect:

35 years after discovery:

>1000 papers; No consensus on underlaying cause
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EMC Effect:

35 years after discovery:

>1000 papers; No consensus on underlaying cause

But... Lots of data!
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EMC Data

Effect drive by nuclear structure & dynamics
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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 (k)
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Probing Correlations Using
Hard Knockout Reactions
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Interlude: Reaction Mechanisms

What we want:




Interlude: Reaction Mechanisms

What we (might) get:
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Interlude: Reaction Mechanisms

MEC suppressed @ high-Q?,
IC suppressed at xg > 1.

FSI suppressed in anti-parallel
kinematics. Treated using
Glauber approximation.

Frankfurt, Sargsian, and Strikman PRC 56, 1124 (1997).
Colle, Cosyn, and Ryckebusch, PRC 93, 034608 (2016).



A(e,e'pp) cross-section ratios
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Glauber agrees with data!

Colle & Hen et al., PRC 722, 63 (2013)
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Glauber agrees with data!
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N

recoil

Back-to-back =
SRC pairs!




“Clean” Breakup
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np dominance (*%C)
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np dominance (A>12)
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np dominance (A=>12)
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(e,e’Np): DIRECT Observation
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Past attempts of high-p probs
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Past attempts of high-p probs
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(e,e’p): large FSI at high-momentum
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Magic Kinematics?
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Magic Kinematics!
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Magic Ratios?
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Probing nucleon momentum distributions in A = 3 nuclei via *He and *H(e, e’'p)
measurements
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Probing nucleon momentum distributions in A = 3 nuclei via *He and *H(e, e’'p)
measurements
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Probing even higher momenta
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Low Pair C.M. Motion

measured (corrected)
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Consistent with Mean-Field Calculations
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Asymmetric Nuclei?

- -- non-interacting
— interacting

STRIBUTH

( LOG MOMENTUM D) o\

NUCLEON MoMENTUM )




Proton vs. Neutron Knockout

M. Duer
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Proton / Neutron Populations
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Symmetric: n/p =1
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Mean-Field: n/p = N/Z
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= Same # of high-momentum protons and neutrons
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What do the outer neutrons do?

don’t correlate with

correlate? core protons?

' Duer et al.,
Nature (2018)




Correlation Probability:
Neutrons saturate Protons grow

—_ —
()] Q0

—_
AN

Illlllllllllllllll

Al/C Fe/C

High-Momentum Fraction
o

o
o2)
[T T rr7

12 14 16
Neutron Excess [N/Z]

Duer et al.,
Nature (2018)

B







(e,e’): x5 correlates with initial momenta
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High x; <> High initial momenta

Q%= 2 [GeV/c]?
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High-Momentum Scaling
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2012 High-Momentum [almost] Scaling
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Interm Summary

* Nuclear momentum
distribution can be divided
into two distinct regions.
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Interm Summary

* Nuclear momentum
distribution can be divided
into two distinct regions.

k<k;
Mean-field

K>k

Correlated /
high-p region

LOG MOMENTUM DISTRIBuTIoN

NUcCLEON MoMENTUM

Also seen in calculations
g (e.g. QMC, Contact, SCGF etc.)



Interm Summary

* Nuclear momentum
distribution can be divided
into two distinct regions.

* #protons = #neutrons, | i
i . 1.2 1.4
irrespectively of Neutron Excess [N/Z]
neutron excess.




Interm Summary

* Nuclear momentum
distribution can be divided
into two distinct regions.
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Back to the EMC

1.2 | Original + 1
i Expectation ]

Iron / Deuterium
quark k-distribution
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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., Submitted (2018)



High Precision data!
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35 years, 1000 papers, 3 Ildeas

1. Proper treatment of ‘known’ nuclear effects

2. Short-Range Correlations

3. Bound Nucleons are ‘larger’ than free nucleons.

O. Hen et al., Rev. Mod. Phys. 89, 045002 (2017)



35 years, 1000 papers, 3 Ildeas

1. Proper treatment of ‘known’ nucle
[explain some of the effect, up to x=6:
* Nuclear Binding a mi motion, Pions, Coulomb Field.

ification of bound nucleon structure.

2. Short-Range Correlations
* Beyond the mean-field.
* Momentum dependent.
* Dynamical Modification!

3. Bound Nucleons are ‘larger’ than free nucleons.
 Larger confinement volume => slower quarks.
* Mean-Field effect.
* Momentum Independent.

« Static Modification.
O. Hen et al., Rev. Mod. Phys. 89, 045002 (2017)



EMC - SRC Correlation
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Bound = ‘quasi Free’ + Modified SRCs
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~k.  ~20%

NUCLEoON MoMeENTUM




Bound

= ‘quasi Free’ + Modified SRCs
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Bound = ‘quasi Free’ + Modified SRCs

AEP + AF}
(AR,

Previously Measured Universal?



Bound ‘quasi Free’ + Modified SRCs

F{ = ZEP + NF} +  népc(AE + AF})
F¢ = FF + F} +  n&c(AE + AF})



Bound = ‘quasi Free’ + Modified SRCs

F{ = ZEP + NF} +  népc(AE + AF})

FJ — F¢— FEP —  n&c(AE + AF})
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AFP + AFZ FA F” né
Fz 2 Ngrc

Universal? Previously Measured
A-Dependent terms
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(75" Al/1FS /2]

e EMC can be explained by a
universal modification of SRC
nucleons.
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Free neutron extraction
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Neutrons Saturate; Protons Grow
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N/Z dependence of nuclear PDFs!

ARy, ldx
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np-SRC Fluctuations in Nuclei




Universal Modification Tests
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2018: Few Body 2019: Asymmetric Nuclei

Probing np interactions: Probing many-body dynamics:
Mirror nuclei: 3He —3H o 40Ca 2> %Ca 2 **Fe
Proton addition: d -3He e Paring from different orbitals
Neutron addition: d —3H * Disentangle asymmetry and
3He — %He mass number dependence

SRCs in 3H, 3He
E12-14-001 (Hall A)
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Adding Neutrons




SRC parton-structure
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EMC Slopes
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