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mm \What are Short-Range Correlation (SRC) -

* Are close together (wave function overlap)

 Have high relative momentum and
low c.m. momentum compared to
the Fermi momentum (k)

COLD dense
nuclear matter

Correlated Partner
Proton or Neutron
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Bottom Line:

np-SRC d bserved in

A=4-2

Strong in r Tensor force

dominance at short distance
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Kinetic Energy Sharing

n(k) A_"I_V!e.ijority | --- non-interacting Momentum
------ By E=INISAECHNg distribution of an
imbalanced two-
component Fermi
system

.......
-
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M. Sargsian, Phys. Rev. C 89, 034305 (2014).
O. Hen et al. (CLAS Collaboration), Science 346, 614 (2014). -
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“Kinetic Energy Sharing in Asymmetric Nuclei

Pauli Principle:

Maijority (neutrons) fermions

move faster (higher Fermi
momentum)

np correlations:

Minority (protons) fermions
move faster (greater pairing
probability)
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mmm Calculations Predict Correlations wins

R A -

<T>Minority 2 <T>Majority

Light Nuclei (A<12)

N-7
A
8He 0.50
6He 0.33
i 0.33
3He 0.33
3H 0.33
814 0.25
10Be 0.2
Li 0.14
9Be 0.11
g 0.09

<T>,

30.13
27.66
31.39
14.71
19.61
28.95
30.20
26.88
29.82
33.40

<T>,

18.60
19.06
24.91
19.35
14.96
23.98
25.95
24.54
27.09
31.75
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-4.64
4.65 Heavy Nuclei (27<A<108):
4.97 M. Vanhalst, W. Cosyn, and J.
4.25 Ryckebusch, arXiv: 1405.3814.
2.34
2.73
1.65

VMC Calculations: R. Wiringa et al., Phys. Rev. C 89, 024305 (2013)
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mm Paring in asymmetric nuclei (JLab12) -

(e,e’p) studies of

hioh New targets (3H, 48Ca) allow studying
Igh-momentum the nuclear asymmetry dependence
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imNew Data from CLAS (Before 12GeV)

EG2
Data-Mining

“l.

Hall B Large Acceptance Spectrometer

Open (e,e’) trigger, Large-Acceptance, Low luminosity (~¥103* cm sec?)



I Experimental Verification?

Extract the asymmetry dependence of the fraction of high-
momentum nucleons in nuclei
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! Experlmental Verification?

Extract the asymmetry dependence of the fraction of hlgh-
momentum nucleons in nuclei
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imNew Data from CLAS (Before 12GeV)

EG2
Data-Mining

“l.

Hall B Large Acceptance Spectrometer

Open (e,e’) trigger, Large-Acceptance, Low luminosity (~¥103* cm sec?)



mm  Extracting NEUTRONS from CLAS

1600

(2) Extract detection
efficiency and TOF
resolution using

exclusive events. o~
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(1) Identify neutrons as ‘slow’
neutral hits in the EC
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Efficiency

mm  New (Forthcoming) Data from CLAS
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New (Forthcoming) Data from CLAS

Extract TOF Resolution
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mm  New (Forthcoming) Data from CLAS

Calculating different ratios for 2C:

low

12C(e, e'p)/ o,

=1.09+0.12
12C(e,e'n) /o, -

hi_gh

12C(e,e'p)/oy

12C(e,e'n) /o, 0.35<P piss<1

Current Status: Finalizing analysis for 12C.
Doing a ‘blind” analysis of the heavy nuclei




New (Forthcoming) Data from CLAS
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*Me at this point of the talk
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Who Cares?
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Two-component interacting Fermi
systems

The contact term




! The Contact and Universal Relations

- A~

A concept developed for a dilute two-component Fermi

. . . Scattering
systems with a short-range interaction. length
dilute = r,, <<a,d
Distance between
fermions

S. Tan Annals of Physics 323 (2008) 2952, ibid 2971, ibipl 2987
Mir 26




I The Contact and Universal Relations

R A -

A concept developed for a dilute two-component Fermi

' i : Scatteri
systems with a short-range interaction. Claengtfl'q”g

/

<<a,d

dilute

I"eﬁ
Distance between

These systems have a high-momentum tail: fermions

n(k)=C/k* for k>k,
/"

Cis the contact term

S. Tan Annals of Physics 323 (2008) 2952, ibid 2971, ibipl 2987
Mir 27




The Contact and Universal Relations

A concept developed for a dilute two-component Fermi

' i : Scatteri
systems with a short-range interaction. Claengtfl'qng

/

dilute = r,, <<a,d

Distance between

These systems have a high-momentum tail: fermions

n(k)=C/k* for k>k,
/

1. Measures the number of SRC different fermion pairs.
2. Determinesthe thermodynamicsthrough a series of universal
relations.

S. Tan Annals of Physics 323 (2008) 2952, ibid 2971, ibi_q_2987
Mir 28




Experlmental Validation

Two spin-state mixtures of ultra-cold °K and °Li atomic gas

systems.

=> extracted the contact and verified the universal relations
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T Experimental Validation

Two spin-state mixtures of ultra-cold 4°K and °Li atomic gas
systems.

=> extracted the contact and verified the universal relations

Stewart et al. PRL 104, .
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e, (Em
Ultra-cold atoms in a trap m
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o, =1 person/m”

o, =1 person/km’

‘71/ ~10°
02
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A Nuclear Contact?

A

Are nuclei dilute? (i.e. r.s << a,d)

—1/3
d= (%) ~23 fm

~ (.7 fm [Tensor force]

h
r =
T 2om_-c

a(’s,)=542 fm

[The high-momentum

tail is predominantly
3S1 (°Dy)]

34



A Nuclear Contact?

e A -

Are nuclei dilute? (i.e. r.s << a,d)

—1/3
d = (%) ~23 fm

~ (.7 fm [Tensor force]

h

r =
T 2om_-c

a(’s,)=542 fm
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T A Nuclear Contact?

R A -

Is there 1/k* scaling regardless?

1.5k, <k <3k,
n, (k) = a2<A/d>-ndQ
Constant Deuteron

Momentum
Distribution




I A Nuclear Contact?

A -

Is there 1/k* scaling regardless? YES!
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O. Hen et al. Phys. Rev. C92, 045205 (2015) K



I A Nuclear Contact?

A A

Is there 1/k* scaling regardless? YES!

1.5k, <k <3k, S S R -
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O. Hen et al. Phys. Rev. C92, 045205 (2015) K



I A Nuclear Contact?

- A~

Is there 1/k* scaling regardless? YES!
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A Nuclear Contact?

- A~

Is there 1/k* scaling regardless? YES!
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mm Comparing with atomic systems
Finding the same dimensionless interaction strength

— °Li Atoms

/
O ‘<(LL al 40k Atoms /f
'

Stewart et al. Phys. Rev. Lett. 104, 235301 (2010)
Kuhnle et al. Phys. Rev. Lett. 105, 070402 (2010) 41



Comparing \ with atomic systems

Flndlng the same dimensionless interaction strength

<
OL‘LL .

Stewart et al. Phys. Rev. Lett. 104, 235301 (2010)
Kuhnle et al. Phys. Rev. Lett. 105, 070402 (2010)

- %K Atoms
— °Li Atoms

For Nuclei:

ke=1.27 fm™
a=54fm
=> (k;a)! = 0.15
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mm Comparing with atomic systems
Equal contacts s for equal interactions strength'
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mm Comparing with atomic systems

At unitary (| e.
(kra)t=0) the SRC

< Atomic G 7 e
O‘x“'4 (,032 Y +:0LK:t°ms /i/ probability is
- "Li Atoms
g . €. ~ 0
v LT = Nuckei &7Cu, 197Au 20% for both
'OV 12¢ systems
Nuclei

ke = 2.5x10% eV/c
g 1044 m-3

05
(k.a)’

O. Hen et al. Phys. Rev. C92, 045205 (2015)
Stewart et al. Phys. Rev. Lett. 104, 235301 (2010)
Kuhnle et al. Phys. Rev. Lett. 105, 070402 (2010) 44



Neutron Star

Mass ~ 1.5 times the Sun
~12 miles in diameter

ot onye (2 —_ 3) ) IOO

Heavy liquid interior
Mostly neutrons,
with other particles

0

45



‘The group

— Shalev Gilad

+ Looking for two new

postdocs!

EXPANDING!

e Tel-Aviv:
g Erez Cohen

Meytal Duer

| Igor Korover

— Eli Piasetzky

* ODU:
"] Mariana Khachatryan

- Larry Weinstein

* Many theory friends ©










