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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.

For NN interactions
- I[dentification of NN interaction in the nuclear dynamics

- Intermediate b short distance tensor forces

/sospin dependence of the tensor forces

For NNN interactions



Modern NN Potentials
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Nc Nc
The NN core can be due to the orthogonality of

NN TN =0



From NN Interaction to Nuclear & Nuclear Matter Structure

OStandardO Nuclear Physics Approach
A-body Schroedinger equation interacting through NN - potential
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From NN Interaction to Nuclear & Nuclear Matter Structure

OStandardO Nuclear Physics Approach
A-body Schroedinger equation interacting through NN - potential
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Conceptuallyy: How toprobednucleicat shartcnucleonc«separations

- Probe bound nucleons at large internal momenta

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

# Theory of High Energy  eA Scattering:

L.High-Energy approximations -~ small parameter
Il Emergence: of fEfféctive/thearyry = diagrammatic method
LI Light-Front Wave Functiom offNucleus: - relativism

V.. From Schroedinger Equation te LF Diagrams -~ LF~wavefunctiom + scattering

V. Emergence of small distance:nuclearrdynamics: - predictions



l. High Energy Approximations:
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. Emergence of OeffectiveO theory
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lll. Light - Front Wave Function of the Nucleus

- Emergence of the light- front dynamics
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- in the momentum space Variables
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IV From Schroedinger Equation - > Light- Front Wave Function

Schroedinger eq. ! Lipmann Schwinger Eq.
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Spectral Function Calculations

©on
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V. Emergence of small distance: nuclearr 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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- Different location for maximum of FSI compared to Glauber model
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Extension to DIS: e+ d! e+ Ds + X
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- Nuclear scaling due to 2N SRCs at:

aQ +2mn
2my

1+

len @A (#) where

2 2
W35y ! 4mg

WoanN

"aA(#) =

[!A(") ' az(A,z)! v () }

1.31 1

30,56/ 500es
N

d (A, / )
/
A(ee)
o’=25 o
1.5 6
CJ
1 2\‘ 2 5
0.5 a)
(o]
o8 1 1.8 2 = 6
X,=Q*2m £
< 3
=«
(o]
6
3
(o]

"A(#,p )d?p

1.31T 1 oy ! 1.5
! S
2N
He c s s ¥
'...-7"...‘: : : '“.""’....‘ : :
4]
‘He S3cu -_—
————a—
-
oo, _— ) e, epe® -~ ) )
‘ ‘ ‘ ‘ ‘ E
%Be s 19 - - ]
a3 -
'.."—p".. ‘ ‘ ‘ ‘ ..-._m.f ‘ ‘ ‘ ‘
0.8 1 1.2 1.4 1.6 1.8 1 1.2 1.4 1.6 1.8 2

X

X

I"H#$%6&" (", %-#$59:;4*6<=)*./00
SH)"HSY& 5 (", Yo-#Y* 1+)*59:;4*
6<HA*T* /12

BD9>,08%,:1%'(('1'(@
*HK9-08%,:1$'())



30(’/120!{:3

30(_./120ik3

w
@w 0 a

N
o

1.5

0.5

3.5

1.5

0.5

A(e,e)

Q<130
®
®
® "
a ® :
@
¢ $
¢ ¢
[ ] - . a)
0.8 1 1.2 1.4 1.6 1.8 2
2
X, =Q 12Mv
Q=140
A 1.8
A a
« " 3t
] * . i 1.6
|
[ |
f n . B 1.4
0.8 1 1.2 1.4 1.6 1.8 2
2 1.2
X,=Q°12Mv
1.0
0.8

\\\\‘\\\\l‘

O~ 0 o O O
0 NN U o O

e
2
a

o L

~I ~00 © (@]

O
[aS)

(Gev2)



» o

2/56 0™(x)/"(x)

[ele]

>(v§

on Dependences

L 1] —_ 1] 2
lean = len @'A(#) where "aA(#) = A (#,p )dep
1.3 2N ! 1.5 [! oy =21 & 2+ri':nN 1+ Wé\,72!'\‘4m§l
SERRLEZUNMINE B SRR
<Q*> = 1.8 » $ $; _of <§: i .»+4’I_
F<Q®> = 2.3 1 = <Q”> = =. ]
:<QB> = $ % N i‘l_: <Q®> = 8.2 '}EJ&' _: ! |Q 2 " ! X
: %] 1 & F S : | I | 1
- e I B . — - x! 1-
I ; - | ]
Ry e v S gjggﬁ;ﬁ%gggifggz
2 leszzssgiifiiliissziy 2 ¢ i EHEE I 1
1&® P2 . = i R4IB-,$)>4Q,P,$MB(9#-
1 P2ggt He SRS T T *He 14+4B4+BH,P$HBR5+)*23.8
O T T T \:5: O T T T T T
ETIFEISIEN, | ES T
‘T II;E ] 4 z&-ﬁ? - |
f.== I-=
2 r . 1 2+ === .
=;:Eis‘ 12~ -5-..—&==;4:—: 12~
(@] L L L £I. I I I I L
0.9 1.1 1.3 1.5 1.7 1.9 00_9 1 1.1 1.3 1.4 1.5 1.6



| 254+ "H#3-0d#+1"(0-0%3%'5+(6+78+9:;*

Table 1: The results for aZ(A,y}

\Y This Work  Frankfurt et al Egiyan et al Famin et al
SHe 0.33 2.0£0.08 1./#0.3 2.13: 0.04
4He 0] 3.5 0.03 3.3 0.5 3.38 0.2 3.6 0.10
°Be 0.11 3.92 0.03 3.9 0.12
12C 0 4.19+ 0.02 5. 0.5 4.32£0.4 4.7% 0.16
27 Al 0.037 4.50: 0.12 5.3 0.6
S6Fe 0.071 4.9% 0.07 5.60.9 4.9 0.5
64Cu 0.094 5.020.04 52% 0.20
197 Au 0.198 4.56 0.03 4.8 0.7 5.16 0.22




- pn dominance in 2N SRCs:
for Iarge K> K Eeermi

01$,2$*+)"3%"("345+5%,8%6 78H2H) X reaction
B"$9,;08P. :$I#1$E"$*+,-.11+81%
"$#8+9.K,-18'F,8;H23E$1$'(@ Factor of 20
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(Wigner counting)
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- High momentum sharing in asymmetric nuclei

CJ1<3'&'5*(1HO' K122*4&+31

' ' -("C*DEA? 2 2@A?
S-0D:0089FD$0$- #34:U $wo properties were predicted 9:(/"C*DEA?A@6473@6+?@A*

1F'%6+2-D6+G+?@AB

[ First Property: ] Approximate Scaling Relation
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[Second Property:] Inverse Fractional Dependence of High Momentum Component

né\/n (p) ! 2X;/n az(A,y) and(p) né\/n (p) ! maz(A,y) ang,! " 1

I 1 0.85 for 3He
1 1 1.00 for °Be,°B
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First Property: Xp @ng (p) ! xn any (p)

‘@9 Be9,B10 Variational Monte Carlo Calculation: Robert Wiringa 2013
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9:(/"C*DEA?A@6473@(?@A?
1F'%6+2-D6+G+?@AB

Na(p)d3p

KF y = |Xp! Xnl

[Predictions:] High Momentum Fractions

p/n (A y) — 2x o/n aZ(A y)

Table 1: Kinetic energies (in MeV) of proton and neutron

? ?
<++I-b$> = A Y E i E i Eiin ! Ekin
@7++++++7A++++FHZA 0.50 30.13 18.60 11.53

0.33 27.66 19.06 8.60

7B++++++7C+++++9“; [ 033 31.39 24.91 6.48
++++++ +4+++ 0.33 14.71 19.35 -4.64
DE /B _FIPC 0.33 19.61 14.96 4.65
@FB++++C@ +++-F|i17A 0.25  28.95  23.98 4.97
10Be 0.2 30.20 25.95 4.25

7Lj 0.14 26.88 24.54 2.34

9Be 0.11 29.82 27.09 2.73

11 0.09 33.40 31.75 1.65




High-momentum fraction

- Experimental Verification of Momentum Sharing Effects

- pn dominance persist for heavy nuclei
56+7-8(+9:(+,(+;-*8%<-:86#6+++:>*-8>-(++?@AB

= np fraction
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Asymmetric Nuclear Matter Calculations
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- New Structure in the deuteron and non-nucleonic components 14 UJ<"H £G.12322
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- Nuclear scaling for 3N SRCs &

- Relation between 3N and 2N SRCs

Looking for the Plateau in Inclusive Cross Section Ratios x>2
~ 92(A1) ~ a3(A1)
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Three Nucleon Short Range Correlations 13%KS/%"*%"3/%DL
Looking for the Plateau in Inclusive Cross Section Ratios x>2
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Three Nucleon Short Range Correlations 13%KS/%"*%"3/%DL
Looking for the Plateau in Inclusive Cross Section Ratios x>2
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3N SRCs:

Proper Variables of 3N SRC are
- the Light Front Momentum Fraction:1 = P

P3n~
- transverse momentum: p

q g .
B,

Bs

(@) (b)



3N SRCS In Incluswe A(e,eO)X Reactions
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3N SRC model
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3N SRC model 'ea = len &'a(#) where "A(#)= "aA(#,p )d°p
1.6! 1 3y < 3

3He World Data Set for Q2 > 1
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3N SRCs lea = len &'A(#) where "aA(#)= "a(#.,p )d?p
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Ratios of all nuclei to 3He at 18°
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3N SRC model 'ea = len &'a(#) where "A(#)= "aA(#,p )d°p
1.6! 1 3y < 3

Ratios of all nuclei to 3He at 18°
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3N SRC: Light-Cone Momentum Fraction Distribution
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3N SRC: Light- Cone Momentum Fraction Distribution
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3N SRC Observables!
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3N SRC Observables;
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3N SRC model
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3N SRC model
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3N SRC model
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3N SRC model

GH6%)%)H (A, Z) = 5 5
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3N SRC Summary & Outlook

- Proper variable for studies of 2N and 3N SRS are
Light- Cone momentum fractions: <o N, v a7

- It seems we observed first signatures of 3N SRCs in the form of the OscalingO
- Existing data in agreement with the prediction of : Ra(A,Z) ! R2(A,Z)?

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

- Reaching Q2 >5 GeV2 will allowtoreach: ! an = 2



3N SRC Outlook




What about type Il 2N SRCs
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3N SRC: Light-Cone Momentum Fraction Distribution
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