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Nuclear Dynamics at Short Distances

Probing NN and NNN Interactions at < 1fm and their influence 
on the nuclear structure at short distances.

- Hadron- quark transition in the core
- non- nucleonic components, hidden color, gluons

- Isospin dependence of the tensor forces

- Intermediate Ð short distance tensor forces 

- NN repulsive core

For NN interactions
- Identification of NN interaction in the nuclear dynamics

For NNN interactions
- Identification of NNN interaction in the nuclear dynamics

- Evaluation of irreducible 3N forces
- Evaluation of non - nucleonic component in NNN interactions
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The NN core can be due to the orthogonality of 
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From NN Interaction to Nuclear & Nuclear Matter Structure

A-body Schroedinger equation interacting through NN - potential

ÒStandardÓ Nuclear Physics Approach
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Mean Field Approximation



From NN Interaction to Nuclear & Nuclear Matter Structure

A-body Schroedinger equation interacting through NN - potential

ÒStandardÓ Nuclear Physics Approach
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Ab Initio Calculations

NonRelativistic

Little Predictive Power



- Need high energy probes to resolve such nucleons in nuclei
in high energy nuclear processes

Conceptually: How to probe nuclei at short nucleon separations

- Probe bound nucleons at large internal momenta

# Theory of High Energy eA Scattering:

V. Emergence of small distance nuclear dynamics - predictions 

I. High - Energy approximations Ð small parameter

III. Light- Front Wave Function of Nucleus - relativism

IV. From Schroedinger Equation to LF Diagrams Ð LF- wavefunction + scattering 

II. Emergence of Effective Theory Ð diagrammatic method



I. High Energy Approximations: 

- Emergence of the small parameter
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II. Emergence of  ÒeffectiveÓ  theory 
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III. Light - Front Wave Function of the Nucleus

- Emergence of the light - front dynamics
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! LF (Z1, Z2, Z3, á á á, Zn , ! )

- in the momentum space

! LF (! 1, p1! ; ! 2, p2! ; ! 3, p3! ; á á á, ! n , pn ! ) ! i = pi !

pA ! /A

- How the LF wave function  appears in the scattering process 
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IV From Schroedinger Equation - > Light- Front Wave Function 

Schroedinger eq.                 ! Lipmann- Schwinger Eq. 
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Spectral Function Calculations
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V. Emergence of small distance nuclear dynamics
- start with A -body Lipman Schwinger/Weinberg type equation for nuclear

wave function interacting through NN - potential
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2N SRC model 
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2N SRC model Non Relativistic Approximation
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- Different location for maximum of FSI compared to Glauber model

- Nuclear scaling due to 2N SRCs at:

- pn dominance in 2N SRCs:

- High momentum sharing in asymmetric nuclei

- New Structure in the deuteron and non-nucleonic components

- Nuclear scaling for 3N SRCs

- Relation between 3N and 2N SRCs
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Extension to DIS: e+ d ! e! + ps + X
F"4H;>- <$!"#,+D;9,- 1$234$'())
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- Nuclear scaling due to 2N SRCs at:



! 2N < 1.3

<latexit sha1_base64="32I9og06moGOe4Y3pfoc1FIlgRQ=">AAAB+3icdVDLSgMxFM3UV62vWpdugq3gapiZDn1AFwU3rqSCfUBbhkyaaUMzmSHJiGXor7hxoYhbf8Sdf2P6EFT0QOBwzrncm+PHjEplWR9GZmNza3snu5vb2z84PMofFzoySgQmbRyxSPR8JAmjnLQVVYz0YkFQ6DPS9aeXC797R4SkEb9Vs5gMQzTmNKAYKS15+UJpgFg8QV7qXM8b0DbLJS9ftMx6reK4FWiZllW1HXtBnKpbdnXCWqII1mh5+ffBKMJJSLjCDEnZt61YDVMkFMWMzHODRJIY4Skak76mHIVEDtPl7XN4rpURDCKhH1dwqX6fSFEo5Sz0dTJEaiJ/ewvxL6+fqKA2TCmPE0U4Xi0KEgZVBBdFwBEVBCs20wRhQfWtEE+QQFjpunK6hK+fwv9JxzFt16zfOMVmY11HFpyCM3ABbFAFTXAFWqANMLgHD+AJPBtz49F4MV5X0YyxnjkBP2C8fQLu7pMU</latexit>

! 2N > 1.3

<latexit sha1_base64="bDDkZg/Cuspw1gu2JEHJyDE/wJg=">AAAB+3icdVDLSgMxFM3UV62vsS7dBFvBVUmq2BZECm5cSQVbC+0wZNK0Dc08SDJiGeZX3LhQxK0/4s6/MdNWUNEDgcM553JvjhcJrjRCH1ZuaXlldS2/XtjY3NresXeLHRXGkrI2DUUoux5RTPCAtTXXgnUjyYjvCXbrTS4y//aOScXD4EZPI+b4ZBTwIadEG8m1i+U+EdGYuEn1Kj2HuHJcdu0SqiCEMMYwI7h2igxpNOpVXDcJNEMJLNBy7ff+IKSxzwJNBVGqh1GknYRIzalgaaEfKxYROiEj1jM0ID5TTjK7PYWHRhnAYSjNCzScqd8nEuIrNfU9k/SJHqvfXib+5fViPaw7CQ+iWLOAzhcNYwF1CLMi4IBLRrWYGkKo5OZWSMdEEqpNXQVTwtdP4f+kU63gk0rjulpqni3qyIN9cACOAAY10ASXoAXagIJ78ACewLOVWo/Wi/U6j+asxcwe+AHr7RPe55MK</latexit>



X vs
! eA =

!
! eN á" A (#) where " A (#) =

"
" A (#, p! )d2p!

 0

 1

 2

(! A/A)
/(!

D/2) 3He

 0

 2

 4

 0.9  1  1.1  1.2  1.3  1.4  1.5  1.6

"

12C

 0

 1

 2

(! A/A)
/(!

D/2) 3He

 0

 2

 4

 0.9  1.1  1.3  1.5  1.7  1.9

x

12C

! 2N = 2 ! q! +2 m N

2m N

!
1 +

"
W 2

2N ! 4m 2
N

W 2N

"
1.3 ! ! 2N ! 1.5

O4F"",$P(B$)*>4Q,P,$MB(9#-
K46B;$<")*14+4*5"BP4*5R5*23.2

R4!B-,$)*>4Q,P,$MB(9#-
14+4)*54+BH,P$B$F6R5+)*23.8

! |x ! 1! 1
! |Q 2 !" ! x

! 2N

<latexit sha1_base64="Ulst0zGHRGPqL3sr6Qj1jlgtjrI=">AAAB9HicdVDLSsNAFJ3UV62vqks3g63gKiQx9AEuCm5cSQX7gDaUyXTSDp1M4sykUEK/w40LRdz6Me78GydtBRU9cOFwzr3ce48fMyqVZX0YubX1jc2t/HZhZ3dv/6B4eNSWUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj+5yvzOlAhJI36nZjHxQjTiNKAYKS155T5i8RgNUudmXh4US5ZZr1UctwIt07KqtmNnxKm6Fy60tZKhBFZoDorv/WGEk5BwhRmSsmdbsfJSJBTFjMwL/USSGOEJGpGephyFRHrp4ug5PNPKEAaR0MUVXKjfJ1IUSjkLfd0ZIjWWv71M/MvrJSqoeSnlcaIIx8tFQcKgimCWABxSQbBiM00QFlTfCvEYCYSVzqmgQ/j6FP5P2o5pu2b91ik1Lldx5MEJOAXnwAZV0ADXoAlaAIN78ACewLMxNR6NF+N12ZozVjPH4AeMt088Z5HD</latexit>

Dependences
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Table 1: The results for a2(A, y)
A y This Work Frankfurt et al Egiyan et al Famin et al
3He 0.33 2.07± 0.08 1.7± 0.3 2.13± 0.04
4He 0 3.51± 0.03 3.3± 0.5 3.38± 0.2 3.60± 0.10
9Be 0.11 3.92± 0.03 3.91± 0.12
12C 0 4.19± 0.02 5.0± 0.5 4.32± 0.4 4.75± 0.16
27Al 0.037 4.50± 0.12 5.3± 0.6
56Fe 0.071 4.95± 0.07 5.6± 0.9 4.99± 0.5
64Cu 0.094 5.02± 0.04 5.21± 0.20
197Au 0.198 4.56± 0.03 4.8± 0.7 5.16± 0.22



for large k > k F ermi
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A(p,2p)X reaction

- pn dominance in 2N SRCs:

56+7-8(+9:(+,(+;-*8%<-*8++-<6/=6+++:>*-8>-(++?@AB
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- High momentum sharing in asymmetric nuclei

Two properties were predicted

First Property:   Approximate Scaling Relation

xp ánA
p (p) ! xn ánA

n (p) =
apn

2
(A, Z )nd(p)
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where xp = Z
A and xn = A ! Z

A .

Second Property: Inverse Fractional Dependence of High Momentum Component

9:(/"C*DEA?A@64?3@6+?@A?
1F'%6+2-D6+G+?@AB

nA
p/n (p) ! 1

2x p/n
a2(A, y) ánd(p)

Pp/n (A, y) = 1
2x p/n

a2(A, y)
!!

kF

nd(p)d3p

:+(,2+*4%),;>,($(*%1"5%;,2$%1+?1%;,;$(*';%&2")*+,(

nA
p/n (p) ! 1

2(x p/n ) ! a2(A, y) ánd, ! " 1

<latexit sha1_base64="fIV3H6Gqa3sK6YF3ovHUTc8lpbQ="></latexit>

! ! 0.85 for 3He

<latexit sha1_base64="tEpWDq+RtkzXwUJjWVYsWMTgw/8="></latexit>

! ! 1.00 for 9Be,10 B

<latexit sha1_base64="iz/rY0jxLdLzSwJvRifDfoQHN8s="></latexit>



10
-4

10
-3

10
-2

10
-1

1

10

10 2
10 3

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
p , GeV/c

x
 n

(p
),

  
G

e
V

-3

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
p , GeV/c

R
a
ti
o

xpnp

xnnn

1/2 nd

.

First Property: xp ánA
p (p) ! xn ánA

n (p)

?@$

0 1 2 3 4 5 6 7 8 9 10
10-6

10-5

10-4

10-3

10-2

10-1

100

101

102

103

k (fm-1)
�l(k

)

9Be(c) - AV18/UIX

�lp
�ln

0 2 4 6 8 10
10-6

10-5

10-4

10-3

10-2

10-1

100

101

102

103

k (fm-1)

�l(k
)

10Be - AV18/UIX

�lp

�ln

Be9,B10  Variational Monte Carlo Calculation: Robert Wiringa 2013  

=88TVWWXXX"T=>",-:"DH?W8=0H+>W+0;0,+O=WKHK0-8,W



Predictions: High Momentum Fractions

Pp/n (A, y) = 1
2x p/n

a2(A, y)
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y = |xp ! xn |

Table 1: Kinetic energies (in MeV) of proton and neutron
A y E p

kin E n
kin E p

kin ! E n
kin

8He 0.50 30.13 18.60 11.53
6He 0.33 27.66 19.06 8.60
9Li 0.33 31.39 24.91 6.48
3He 0.33 14.71 19.35 -4.64
3H 0.33 19.61 14.96 4.65
8Li 0.25 28.95 23.98 4.97
10Be 0.2 30.20 25.95 4.25
7Li 0.14 26.88 24.54 2.34
9Be 0.11 29.82 27.09 2.73
11B 0.09 33.40 31.75 1.65



- Experimental Verification of Momentum Sharing Effects

- pn dominance persist for heavy nuclei
56+7-8(+9:(+,(+;-*8%<-*8++-<6/=6+++:>*-8>-(++?@AB

J6*2 *+(&4?(L&+62*(I"-A



Asymmetric Nuclear Matter Calculations
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- New Structure in the deuteron and non-nucleonic components
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Looking for the Plateau in Inclusive Cross Section Ratios x>2

- Nuclear scaling for 3N SRCs &
- Relation between 3N and 2N SRCs
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Q2 = 1 .4 GeV2
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Three Nucleon Short Range Correlations 
Looking for the Plateau in Inclusive Cross Section Ratios x>2 
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Three Nucleon Short Range Correlations 
Looking for the Plateau in Inclusive Cross Section Ratios x>2 
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Proper Variables of 3N SRC are 
- the Light Front Momentum Fraction:
- transverse  momentum:  p!

3N SRCs: 
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3N SRCs in Inclusive A(e,eÕ)X Reactions 
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3N SRC Summary & Outlook 

- Proper variable for studies of 2N and 3N SRS are 
Light- Cone momentum fractions:  ↵2N , ↵3N

- It seems we observed first signatures of 3N SRCs in the form of the ÒscalingÓ 

- Existing data in agreement with the prediction of : R3(A, Z ) ! R2(A, Z )2

- Unambiguous verification will require larger Q2 data to cover larger  ! 3N

region

- Reaching Q2 > 5 GeV2 will allow to reach:  ! 3N > 2
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What about type II 2N SRCs
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<latexit sha1_base64="ewsDDKixfT6K8UVKVzq7jUwI8Ec=">AAAB6XicdZDLSgMxFIYz9VbrrerSTbAKroaM1NpZWXDjSqrYC7RDyaSZNjSTGZKMUIa+gRsXinbrytdx59uYaRVU9IfAz/efQ845fsyZ0gi9W7mFxaXllfxqYW19Y3OruL3TVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/Os/y1i2VikXiRo9j6oV4IFjACNYGXV8WesUSsk+Q41YqENkIOeWqY4zrVg2EjiGZSmevz5mm9V7xrduPSBJSoQnHSnUcFGsvxVIzwumk0E0UjTEZ4QHtGCtwSJWXziadwEND+jCIpHlCwxn93pHiUKlx6JvKEOuh+p1l8K+sk+ig6qVMxImmgsw/ChIOdQSztWGfSUo0HxuDiWRmVkiGWGKizXGyI3xtCv83zWPbKdvuFSrVDsBcebAH9sERcMApqIELUAcNQEAA7sADeLRG1r31ZE3npTnrs2cX/JD18gFKPJGY</latexit>

N

<latexit sha1_base64="ewsDDKixfT6K8UVKVzq7jUwI8Ec=">AAAB6XicdZDLSgMxFIYz9VbrrerSTbAKroaM1NpZWXDjSqrYC7RDyaSZNjSTGZKMUIa+gRsXinbrytdx59uYaRVU9IfAz/efQ845fsyZ0gi9W7mFxaXllfxqYW19Y3OruL3TVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/Os/y1i2VikXiRo9j6oV4IFjACNYGXV8WesUSsk+Q41YqENkIOeWqY4zrVg2EjiGZSmevz5mm9V7xrduPSBJSoQnHSnUcFGsvxVIzwumk0E0UjTEZ4QHtGCtwSJWXziadwEND+jCIpHlCwxn93pHiUKlx6JvKEOuh+p1l8K+sk+ig6qVMxImmgsw/ChIOdQSztWGfSUo0HxuDiWRmVkiGWGKizXGyI3xtCv83zWPbKdvuFSrVDsBcebAH9sERcMApqIELUAcNQEAA7sADeLRG1r31ZE3npTnrs2cX/JD18gFKPJGY</latexit>

N

<latexit sha1_base64="ewsDDKixfT6K8UVKVzq7jUwI8Ec=">AAAB6XicdZDLSgMxFIYz9VbrrerSTbAKroaM1NpZWXDjSqrYC7RDyaSZNjSTGZKMUIa+gRsXinbrytdx59uYaRVU9IfAz/efQ845fsyZ0gi9W7mFxaXllfxqYW19Y3OruL3TVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/Os/y1i2VikXiRo9j6oV4IFjACNYGXV8WesUSsk+Q41YqENkIOeWqY4zrVg2EjiGZSmevz5mm9V7xrduPSBJSoQnHSnUcFGsvxVIzwumk0E0UjTEZ4QHtGCtwSJWXziadwEND+jCIpHlCwxn93pHiUKlx6JvKEOuh+p1l8K+sk+ig6qVMxImmgsw/ChIOdQSztWGfSUo0HxuDiWRmVkiGWGKizXGyI3xtCv83zWPbKdvuFSrVDsBcebAH9sERcMApqIELUAcNQEAA7sADeLRG1r31ZE3npTnrs2cX/JD18gFKPJGY</latexit>

N

<latexit sha1_base64="ewsDDKixfT6K8UVKVzq7jUwI8Ec=">AAAB6XicdZDLSgMxFIYz9VbrrerSTbAKroaM1NpZWXDjSqrYC7RDyaSZNjSTGZKMUIa+gRsXinbrytdx59uYaRVU9IfAz/efQ845fsyZ0gi9W7mFxaXllfxqYW19Y3OruL3TVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/Os/y1i2VikXiRo9j6oV4IFjACNYGXV8WesUSsk+Q41YqENkIOeWqY4zrVg2EjiGZSmevz5mm9V7xrduPSBJSoQnHSnUcFGsvxVIzwumk0E0UjTEZ4QHtGCtwSJWXziadwEND+jCIpHlCwxn93pHiUKlx6JvKEOuh+p1l8K+sk+ig6qVMxImmgsw/ChIOdQSztWGfSUo0HxuDiWRmVkiGWGKizXGyI3xtCv83zWPbKdvuFSrVDsBcebAH9sERcMApqIELUAcNQEAA7sADeLRG1r31ZE3npTnrs2cX/JD18gFKPJGY</latexit>

N

<latexit sha1_base64="ewsDDKixfT6K8UVKVzq7jUwI8Ec=">AAAB6XicdZDLSgMxFIYz9VbrrerSTbAKroaM1NpZWXDjSqrYC7RDyaSZNjSTGZKMUIa+gRsXinbrytdx59uYaRVU9IfAz/efQ845fsyZ0gi9W7mFxaXllfxqYW19Y3OruL3TVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/Os/y1i2VikXiRo9j6oV4IFjACNYGXV8WesUSsk+Q41YqENkIOeWqY4zrVg2EjiGZSmevz5mm9V7xrduPSBJSoQnHSnUcFGsvxVIzwumk0E0UjTEZ4QHtGCtwSJWXziadwEND+jCIpHlCwxn93pHiUKlx6JvKEOuh+p1l8K+sk+ig6qVMxImmgsw/ChIOdQSztWGfSUo0HxuDiWRmVkiGWGKizXGyI3xtCv83zWPbKdvuFSrVDsBcebAH9sERcMApqIELUAcNQEAA7sADeLRG1r31ZE3npTnrs2cX/JD18gFKPJGY</latexit>

N

<latexit sha1_base64="ewsDDKixfT6K8UVKVzq7jUwI8Ec=">AAAB6XicdZDLSgMxFIYz9VbrrerSTbAKroaM1NpZWXDjSqrYC7RDyaSZNjSTGZKMUIa+gRsXinbrytdx59uYaRVU9IfAz/efQ845fsyZ0gi9W7mFxaXllfxqYW19Y3OruL3TVFEiCW2QiEey7WNFORO0oZnmtB1LikOf05Y/Os/y1i2VikXiRo9j6oV4IFjACNYGXV8WesUSsk+Q41YqENkIOeWqY4zrVg2EjiGZSmevz5mm9V7xrduPSBJSoQnHSnUcFGsvxVIzwumk0E0UjTEZ4QHtGCtwSJWXziadwEND+jCIpHlCwxn93pHiUKlx6JvKEOuh+p1l8K+sk+ig6qVMxImmgsw/ChIOdQSztWGfSUo0HxuDiWRmVkiGWGKizXGyI3xtCv83zWPbKdvuFSrVDsBcebAH9sERcMApqIELUAcNQEAA7sADeLRG1r31ZE3npTnrs2cX/JD18gFKPJGY</latexit>
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r NN ! 0.6 " 0.8fm
<latexit sha1_base64="NF+FayR20mLKoFPmcn8K2J/IG4c=">AAACAHicdZDLSsNAFIYnXmu9VV24cDPYCm4MSVrauiu4cVUq2Au0IUymk3boTBJmJkIJ3fgqblwo4tbHcOfbOGkrqOgPAz/fOYcz5/djRqWyrA9jZXVtfWMzt5Xf3tnd2y8cHHZklAhM2jhikej5SBJGQ9JWVDHSiwVB3Gek60+usnr3jghJo/BWTWPicjQKaUAxUhp5heOS8NJmczaQlEPLrF5YZh0GvOQVipZ5Wa86larGllWzHTszTq1SrkBbk0xFsFTLK7wPhhFOOAkVZkjKvm3Fyk2RUBQzMssPEklihCdoRPrahogT6abzA2bwTJMhDCKhX6jgnH6fSBGXcsp93cmRGsvftQz+VesnKqi7KQ3jRJEQLxYFCYMqglkacEgFwYpNtUFYUP1XiMdIIKx0Znkdwtel8H/TcUy7bDo3TrFRWcaRAyfgFJwDG9RAA1yDFmgDDGbgATyBZ+PeeDRejNdF64qxnDkCP2S8fQK6lZSD</latexit>

r NN ! 0.7 " 1.0fm
<latexit sha1_base64="DEg1ePgpv+woeFA5jutus6r7gJI=">AAACAHicdVDLSsNAFJ34rPUVdeHCzWAruDEkaWnrruDGValgH9CGMJlO2qEzSZiZCCV046+4caGIWz/DnX/j9CGo6IGBwznncueeIGFUKtv+MFZW19Y3NnNb+e2d3b198+CwLeNUYNLCMYtFN0CSMBqRlqKKkW4iCOIBI51gfDXzO3dESBpHt2qSEI+jYURDipHSkm8eF4WfNRrTvqQc2lb1wrFsGPKibxZs67JWccsVLdt21XGdGXGr5VIZ6tAcBbBE0zff+4MYp5xECjMkZc+xE+VlSCiKGZnm+6kkCcJjNCQ9TSPEifSy+QFTeKaVAQxjoV+k4Fz9PpEhLuWEBzrJkRrJ395M/MvrpSqseRmNklSRCC8WhSmDKoazNuCACoIVm2iCsKD6rxCPkEBY6c7yuoSvS+H/pO1aTslyb9xCvbysIwdOwCk4Bw6ogjq4Bk3QAhhMwQN4As/GvfFovBivi+iKsZw5Aj9gvH0CsWuUfQ==</latexit>

r c ! 0.3fm
<latexit sha1_base64="Gr349uHe3uSIewtonzdnffmm29Y=">AAAB+nicdZDNSsNAFIUn9a/Wv1SXbgZbwVVJ0tDWXcGNywq2FtoQJtNJO3QmCTMTpcQ+ihsXirj1Sdz5Nk7aCip6YODw3Xu5d06QMCqVZX0YhbX1jc2t4nZpZ3dv/8AsH/ZknApMujhmsegHSBJGI9JVVDHSTwRBPGDkJphe5PWbWyIkjaNrNUuIx9E4oiHFSGnkm+Wq8DM8H0rKoVWrh7zqmxWrdt5qOG5DE8tq2o6dG6fp1l1oa5KrAlbq+Ob7cBTjlJNIYYakHNhWorwMCUUxI/PSMJUkQXiKxmSgbYQ4kV62OH0OTzUZwTAW+kUKLuj3iQxxKWc80J0cqYn8XcvhX7VBqsKWl9EoSRWJ8HJRmDKoYpjnAEdUEKzYTBuEBdW3QjxBAmGl0yrpEL5+Cv83Padm12vOlVNpu6s4iuAYnIAzYIMmaINL0AFdgMEdeABP4Nm4Nx6NF+N12VowVjNH4IeMt08HLZMo</latexit>

color singlet core
<latexit sha1_base64="NPRgtRyECgZEtO32Sd2+NI/eNpk=">AAAB+3icdVDLTgIxFO3gC/GFuHTTSExcTWYGArgjceMSE3kkMCGdcgcaOp1J2zESwq+4caExbv0Rd/6NHcBEjZ7VyTn39p6eIOFMacf5sHIbm1vbO/ndwt7+weFR8bjUUXEqKbRpzGPZC4gCzgS0NdMceokEEgUcusH0KvO7dyAVi8WtniXgR2QsWMgo0UYaFkvLJ7BiYsxBYxpLGBbLjn3ZqHnVGnZsx6m7npsRr16tVLFrlAxltEZrWHwfjGKaRiA05USpvusk2p8TqRnlsCgMUgUJoVMyhr6hgkSg/Pny8AKfG2WEQ5MhjEUWwKjfN+YkUmoWBWYyInqifnuZ+JfXT3XY8OdMJKkGQVeHwpRjHeOsCDxiEqjmM0MIlcxkxXRCJKHa1FUwJXz9FP9POp7tVmzvxis3q+s68ugUnaEL5KI6aqJr1EJtRNE9ekBP6NlaWI/Wi/W6Gs1Z650T9APW2ydO05ST</latexit>

two color singlet
ÓnucleonsÓ

<latexit sha1_base64="eeMSL8oxEG9TKCospba1jR2Z3d0="></latexit>

232.

strangeness

<latexit sha1_base64="uPVjKHhHlcrLExMPBbpqSlFs9x4=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0kjciqTuhTUuD/AAVmTdedXDevMfMfYGIP6NNiyLa9mva9W+apwYVdeDC4Zx7ufeeIFbSou9/eJmNza3tnexubm//4PAof3zSslFiBDRFpCLTCbgFJTU0UaKCTmyAh4GCdjC9Tv32PRgrI32Hsxj6IR9rOZKCo5O6Fg3XY9Bg7SBf8Iu+7zPGaEpY5cp3pFarlliVstRyKJA1GoP8e28YiSQEjUJxa7vMj7E/5walULDI9RILMRdTPoauo5qHYPvz5ckLeuGUIR1FxpVGulS/T8x5aO0sDFxnyHFif3up+JfXTXBU7c+ljhMELVaLRomiGNH0fzqUBgSqmSNcGOlupWLCDRfoUsq5EL4+pf+TVqnIysXabblQL6/jyJIzck4uCSMVUic3pEGaRJCIPJAn8uyh9+i9eK+r1oy3njklP+C9fQIccZHJ</latexit>

quarks

<latexit sha1_base64="HWeW3lLzZcoOaLYBGD7fq+fMpp4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Kkkptt0V3LisYB/QDiWTZtrYTDImGaEM/Qc3LhRx6/+482/MtBVU9MCFwzn3cu89QSy4sQh9eLm19Y3Nrfx2YWd3b/+geHjUMSrRlLWpEkr3AmKY4JK1LbeC9WLNSBQI1g2ml5nfvWfacCVv7CxmfkTGkoecEuukzl1C9NQMiyVURghhjGFGcO0COdJo1Cu4DnFmOZTACq1h8X0wUjSJmLRUEGP6GMXWT4m2nAo2LwwSw2JCp2TM+o5KEjHjp4tr5/DMKSMYKu1KWrhQv0+kJDJmFgWuMyJ2Yn57mfiX109sWPdTLuPEMkmXi8JEQKtg9joccc2oFTNHCNXc3QrphGhCrQuo4EL4+hT+TzqVMq6WG9fVUrO6iiMPTsApOAcY1EATXIEWaAMKbsEDeALPnvIevRfvddma81Yzx+AHvLdPKSOPgQ==</latexit>

! s, N ! s

<latexit sha1_base64="uogT7at/r9ywl5najZzsD55YLfU=">AAAB+nicdVDLSgMxFM3UV62vqS7dBDuCiJRJEdvuirpwJRXsA9qxZNJMG5p5kGSUMvZT3LhQxK1f4s6/MdNWUNEDFw7n3Mu997gRZ1LZ9oeRWVhcWl7JrubW1jc2t8z8dlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFZ6rduqZAsDK7VOKKOjwcB8xjBSks9M291zylX2JJH0Lq8ObRkzyzYRdu2EUIwJah8YmtSrVZKqAJRamkUwBz1nvne7Yck9mmgCMdSdpAdKSfBQjHC6STXjSWNMBnhAe1oGmCfSieZnj6B+1rpQy8UugIFp+r3iQT7Uo59V3f6WA3lby8V//I6sfIqTsKCKFY0ILNFXsyhCmGaA+wzQYniY00wEUzfCskQC0yUTiunQ/j6FP5PmqUiOi5Wr0qF2uk8jizYBXvgACBQBjVwAeqgAQi4Aw/gCTwb98aj8WK8zlozxnxmB/yA8fYJ0WGScw==</latexit>

hidden colors

<latexit sha1_base64="9IrNPu9dDFaBd6Sj1FSlQq0k7v4=">AAAB9HicdVDLSgMxFL3js9ZX1aWbYBFclUkR2+4KblxWsA9oh5LJZNrQTGZMMoUy9DvcuFDErR/jzr8x01ZQ0QOBwzn3leMngmvjuh/O2vrG5tZ2Yae4u7d/cFg6Ou7oOFWUtWksYtXziWaCS9Y23AjWSxQjkS9Y159c5353ypTmsbwzs4R5ERlJHnJKjJW8MQ8CJtFijh6Wym7FdV2MMcoJrl25ljQa9SquI5xbFmVYoTUsvQ+CmKYRk4YKonUfu4nxMqIMp4LNi4NUs4TQCRmxvqWSREx72WLZHJ1bJUBhrOyTZnnC946MRFrPIt9WRsSM9W8vF//y+qkJ617GZZIaJulyUZgKZGKUJ4ACrhg1YmYJoYrbWxEdE0WosTkVbQhfP0X/k061gi8rjdtquVldxVGAUziDC8BQgybcQAvaQOEeHuAJnp2p8+i8OK/L0jVn1XMCP+C8fQIW+ZJK</latexit>



G"3)'3"*+,(%,&%e+ 3He ! e!pf + pr 1 + pr 2

<latexit sha1_base64="30HiwX9FBJqgS1VB9/a0JCqgfgg="></latexit>
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pm = 700 MeV/c, ! m = 0, ! r 2 = 1200

<latexit sha1_base64="S/7apC0CwXphg1WZ7MPGeRo51NY="></latexit>
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pm = 700 MeV/c, ! m = 0, ! r 2 = 1800

<latexit sha1_base64="DEmpdC8glrcFFVVzgc02iyQlp10="></latexit>

!"#$%&'()*+,(5
\HDD,1$C90?;.>1$C,K,Q,1A:H0O.:008$,:1$234'(([



Outlook Ð on 3N- Forces

Q 9$*"+3$A%$]>3,2"*+,(%,&%*2+>3$Q),+()+A$()$%5)"**$2+(?%,(%?@$
;"4%"33,O%*,%+5,3"*$%"(A%;$"5'2$%*1$%5*2$(?*1%,&%*1$%H7QY,2)$5



3N SRC:  
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Light- Cone Momentum Fraction Distribution 
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