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General behavior of nucleon - nucleon interaction
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General behavior of nucleon - nucleon interaction
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2N - Short Range Correlation (SRC)

A pair with: ¢N-SRC

~1fm
Large relative momentum ( k,,>kg) /-

Small C.M. momentum ( key<kg ) e

LY
"‘-.__\ %
~- Nucleans

p, = 0.16 GeV/fm?
In momentum space:

kok, k>k, k =k,



Scaling at high momentum region

Nucleon momentum distribution

10 ?®

Blnue - Fe
Mage. - C
Red - He3
Black - D

0.1 0.2 0.2 0.4 D5 06 O.7 D.B D.9 1
pi,{_Gerc_)

C. Ciofi, S. Simula, Phys. Rev. C 53, 1689

(1996)

* High momentum distributions of all
nuclei have the same shape.

* Momentum distribution similar to
momentum distribution in Deuteron

nﬂ(k) = a (4,Z) 'nz(k)

for k> Kpermi

Scaling

Short range physics is concentrated in the

two body system (2N-SRC).



Triple Coincidence Measurement

Breakup the pair



Triple Coincidence Measurement




Triple Coincidence Measurement

Detect Scattered Projectile



Triple Coincidence Measurement

Detect Scattered Projectile

Look for Recoiling partner




Triple Coincidence Measurement

™ y - < ’ Vv = © v 1 7~ ' ”~ M
Detect knockout nucleon

Reconstruct the 'initial' state

Detect Scattered Projectile

Look for Recoiling partner



@Qan Lab

Hall A: High Resolution Spectrometers
Virinia, USA — =

—_—

BigBite
Spectrometer

Neutron
Detector
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What we measured:

— 102 4 - ﬁ High momentum
£ o tail is dominated b
— C2C(p.ppn) / ZC(PPP)  22C(e,6pn) / EC(e,6) ail i ominated by
o AL A SRC pairs
®
= | 'IZC
E 10:_ [12C(e,e’pp) / 2C(e,e'pn)]/ 2 np - Dommance.
% i ] . ‘
A . | ~90% np pairs

= [2C(e,e'pp) | 2C(e,e'p)]/ 2 ""’5% pp (nn) pGiI"S

| | | |
0.3 0.4 0.5 0.6

Missing Momentum [GeV/(] i
Piasetzky et al., PRL. 97 (2006) 162504
Subed: et al., Science 320 (2008)
Shneor et al., Phys.Rev.Lett. 99 (2007) 072501

Probing particle
independence
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The nuclear Contact Formalism is an effective theory
that describes SRC by combining universal asymptotic
wavefunctions with nucleus-dependent constant

—10°
o = "
Sl Lo °(k)| ;
10
|¢5 °(k)| s oss 10 :
1F
107 F
0.35 < -
&38 B . =000fm" Konax = 1.50 fm™*
% 0.3 T K =050 fm™ Ky, = 200 fm” 102
Q .05 Ko = 1.00fm" PR K . = -
n c—u1 .20
© T
02 oo % 1
0.15/- To.8
0.1
0.05- * Weiss & Cruz-Torres et al.,
| N7 1 | Phys.Lett. B780, 211 (2018)
% 1 2 3 4 5| * Wiringa et al., PRC 89, 024305 (2014)
K [fm™] 6




From Light to Heavy Nuclei

CEBAF Large Acceptance Spectrometer

cloéﬁ

.ggf;Zon Lab

Virginia, USA

@ Open (ee'p) trigger
¢ Large Acceptance
« Low luminosity (~10%* cm sec™)



Target cell setup

Solid Targets:
> 12(C

> 27 A

> 56F€

> 208Pb

Liquid Deuterium cell
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Universality of np-dominance, from light to heavy

g 100 B B Bl

S gF C Al Fe finp | (#inp + #pp) PP

SR 068% C.L.

T g 0 95% C.L.

S U #pp | (np + #pp

B O
0 20 40 60 80 100 120 140 160 180 200

A

Hen et al., Science 346 (2014) 614-617

(]

Inferred from Assuming every (e e'p) event
(e,e'p) and (e,e'pp) With high momentum

measurements has a correlated partner  ~



Universality of np dominance, from light to heavy

5~ This work np- and pp- pairs
L @® SCX corrected P Lol
1ok —@- JLab Hall-A where measured
[ C Al Fe Pb

<

G

pp/np ratios [%]

e Upper limit: pp/pn <
"'60/0

® No A-dependence
® No neutron excess
M. Duer et al. arXiv:1810.05343 dependence
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Mean Field - no np Dominance

Repulsive (?)

np Dominance| P Dominance?

-

LOG MOMENTUM DISTRIBuToN

!
i
_J____i —>
NucleEolN MoMeENTUM
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SRC Fraction [%)]

Schmidt et al., in preparation (2018)
A (e epp) / (e ep) [c Al, Fe Pb]
And beyond... =TT

0% | =

30%

“He(e,e'pn) T oo b

Contact +

100} *He(e,e'p)
E o AV18+UIX [VMC(]
50 10% —
np-dominance decrease with i
momentum increase .
15F i
] 04 -
10;— w—— AL
B \ e ';ﬁe(e,e'pp)/2 03 L
E ® sl . "He(e.e’pn) 2
00304 05 06 3 R
Missing Momentum [GeVIc] :
Korover et al., PRL (2014) 0.1




Counts

Residual A-2 system is a spectator

15

20
Missing Mass [GeV/c?]
Korover et al., PRL (2014)
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Counts

Residual A-2 system is a spectator

15¢

20

Korover et al.,

Missing Mass [GeV/c?]
PRL (2014)

O.m. [MeV/c]

100

o0

E. Cohenetal.,
Phys Rev. Lett. 121, 092501

Low CM momentum
of the 2N-SRC pair

dHE -_d"'—

S o o .

@ This Work E;,l Ciofi and Simula
m BNL (p.2pn) -+ Colle et al. (All Pairs)
v Hall-A (e,e'pp) —CO“E etal. ('S, pairs)
a Hall A(e epn} - Fermi- Gas [AlfPalrs]
— 224 '
(2018). 10 10 A



Consequences of SRC pairs and np dominance:

E Kinetic energy distribution of nucleons in asymmetric nuclei.

P Nucleon structure modification in the medium.

S
e E/’% Ta/y

a,(A/d)

# Implications to other phenomena ranging from

nuclear structure to neutron stars.
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Kinetic energy distribution of nucleons in
asymmetric nuclei: N>Z,

Pauli principle SRC (np-dominance)
(EE"Y=(EY™ (ES" Y= (B
n(K)
neutrons

protons

2

3
pln)” 2m d” k

<EP(n]> f n

~KFr K 26



Inversion of the momentum sharing:
Protons move faster than neutrons

;, S <h‘f;'.5u>

/

/ 1okin
( [_F

Simple np-dominance model

n " (k k<k
np(k) = { T ( ) i (for neutrons: Z = N)

n (k): ------ ~.| Protons Duer et al., Nature 560
(2018), 617-621

Y
(e 0]

A N>Z
E-al(Afd)-nd(k) k>k, ~

—
(*2)

IIIIIIIIIIIIIII

-
Q
0
@
LC Kk
S
5 1.4 § poto>77
5 1.2
E I _  neutrons
= F 8
£ osf- AlIC Fe/C i
T osf . .
1 1.2 1.4 16

Neutron Excess [N/Z]
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Inversion of the momentum sharing:

n,(k)

{El]kin>><Enki|1>

/ r~kin
{‘\. [Jlf.’

Protons move faster than neutrons

*> S <h1f;'iu>

I

Simple np-dominance model

| n:”'(k) k<k,

{ Zoa(ald)n (k) k>k,

(for neutrons: Z = N)

1.25[

=1
M
I

1.2 1.4 1.6
Neutron Excess [N/Z]

Y — Y
o (*2) Qo

IIIIIIIIIIIIIIIII

High-Momentum Fraction
X

S
oF

p

Duer et al., Nature 560
(2018), 617-621

] § neutrons
0.8 AI/C Fe/C I
o6 . 1 .Pb/.c .
1 12 1.4 1.6

Neutron Excess [N/Z]
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Spectral Function
—— — CDA & Kaptari
- — Benhar & Pandharipande

- 3He(e,e'p) / 3H (e,e'p)

1 l 1 |

Momentum Density (VMC)
——— AV18+UX
—— N°LO E1 (1.0 fm)

N°LO Er (1.0 fm)

1

1
300
rﬁmlssl [MeV/c]

|
0 100 200

| |
400 500

Dedicated Few Body Experiment: JLab, Hall A:
»_F12-14-001 (2018)
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measured
n(p)

R

_ Dedicated Few Body Experiment: JLab, Hall A:
» F12-14-001 (2018)

Spectral Function
\ — — CDA & Kaptari
- — Benhar & Pandharipande

Momentum Density (VMC)
——— AV18+UX
—— N’LO E1 (1.0 fm)

N?LO Ex (1.0 fm)

- 3He(e,e'p) / 3H (e,e'p)

L | I |
0 100 200

1 ]

| | \ |
300 400 500
B | [MeV/c]

More neutrons —= More

correlated protons




Implication for Neutron Stars

Strong SRC The n-gas
i np interaction heats the
p-gas

At the core of neutron stars, most accepted models assume:

, ~b% protons, and ~5% electrons.

Neglecting np-SRC interaction, one can assume 3 separate Fermi gases.

~500 MeV/c
~250 MeV/c
k: Jor k¢ 32

Fermi Fermi Fermi



Summary

« 2N-SRC dominate the high momentum region.

« Study of SRC contribute to understanding

NN interaction and high momentum tails in nuclei.
« 2N-SRC can be described by nuclear contact formalism.

« Tensor NN interaction dominate at 1.5K--3Kr

leading to np-dominance.

 np-dominance responsible for changing the momentum
sharing between protons and neutrons in

asymmetric nuclei, neutron star(?)
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