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Nuclear / Parton Scale Separation
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Nuclear / Parton Scale Separation




EMC Effect:
Quarks move “slower” in nuclei
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EMC Effect:
Quarks move “slower” in nuclei
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EMC Effect: Nuclear Effect
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35 years, 1000 papers, 3 Ideas

1. Proper treatment of ‘known’ nuclear effects

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

3. Short-Range Correlations

O. Hen et al., Rev. Mod. Phys. 89, 045002 (2017)
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What Are SRCs?

SRCs are pairs of nucleon that are close together
in the nucleus (wave functions overlap)

=> Momentum space: pairs with high relative
momentum and low c.m. momentum compared to the
Fermi momentum (k)




JLab: @ the nuclear—parton boundary

* Located in Virginia USA

*12 GeV ~80 uA
continues polarized
electron beam

* Parallel operation of 4
experimental halls

*12 GeV experiments
recently started!

* Approved program for
first 8 years of 12 GeV
running




Exclusive SRC studies
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EMC - SRC Correlation

04112 ndf 5.673/5 “"Au
a -0.07004 + 0.003658
0.3 —
- o ol
0.2 ©

EMC Slope 0.35<X,<0.7

©
o —
—||I|||||||||||

1 1 1 L I | 1 | 1 | 1 | 1 | I | 1 | | | 1 | | 1

|
1 2 3 4 5
# SRC pairs

[(e,e’) ratios for x; = 1.4]

Hen et al., RMP (2017); Hen et al., JMPE (2013); Hen et al., PRC (2012);

Weinstein, Piasetzky, Higinbotham, Gomez, Hen, and Shneor, PRL (2011).

18



o o <o
N w N
|||||||||||||||||||||||

o
—

EMC Slope 0.35<X;<0.7

INTERNATIONAL JOURNAL OF HIGH-ENERGY PHYSICS

CERN

VoLume 53 NumBer 4 Mavy 2013

22 | ndf 5.673/5 YAy
a -0.07004 + 0.003658

77

2 3 4 5
# SRC pairs

[(e,e’) ratios for xg = 1.4]

Higinbotham, Miller, Hen, and Rith. CERN Cour. 53N4, 35 (2013)



AR, Jdx
-

SRC data

SLAC (Day et al)
JLab Hall-B (Egiyan et al)

-

»
-
by
R

«

M. Ubiali (RWTH Aach
g ‘T}‘ AAChen ) Nf&*?} m I T}u-l‘.f"" Sumrr
iy Ooulll

-----

JLab Hall-C (Fomin, Preliminary)

az,‘(A/d)

o™y
al'y

Other phel

. - ot ve:
amenologi al ‘pb'f‘\["( 14)
#act ic NOT due 10 yverage

rfi.‘«;\.“ Lod A
: e
. - . s »‘tt
"‘_‘“‘! {7. ",,‘,‘. - »Mho r ) ! ]1 ,‘p: 5 T -
her of 2N-Shortikal jel yrrelatio

d/u

- L W Wesmboen of FEL e dad l
N 61 . J Arvinglon of ¥ i
T ]
cTow
CTEQ MITH .
e CTHQ MO !
’
’
:
t :
.
. 3 J
B
[ ¥
. 4
> 4
.
St
.
L
.
B
.
1 1)
1
J .




Focusing on Neutron-Rich Nuclei

Correlation Probability:
Neutrons saturate Protons grow
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’Prediction’:
EMC effect should
saturate for neutrons

and grow for protons
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Neutrons Saturate, Protons Grow
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Neutrons Saturate, Protons Grow
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Bound =

LOG MoMENTUM DISTRIBuTION

+ Modified SRCs
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Bound

= ‘quasi Free’ + Modified SRCs
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Bound
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= ZF, +NF'  +  népc(AE + AF})

AF) =
FN* — FN

7o
Tensor
Force

| 7 _ ‘
v w20
—1 >

NUCLEoN MoMeENTuUM

LOG MoMENTUM DISTRIBuTION




[F5/A] [ [F&/2]

O
(o)
I

SLAC (20) N %
JLab (5) N #

-# This work

o
~

0.4 0.6 0.8

208

197

20

27

12

9



Universal ?
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Universal !!
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Nuclear fluctuations
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Free-Neutron Extraction
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JLab12: Bound Nucleon Structure

Focus on the deuteron: e'
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JLab12: Bound Nucleon Structure
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JLab12: Bound Nucleon Structure
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The EMC-SRC World
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+ Many Theory Collaborators: UW, Penn State, Huiji, Gent, FIU, Perugia, ...



MIT Correlations group (prof. 0. Hen)
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