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How can we describe nucleons in a nucleus?
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How can we describe nucleons in a nucleus?
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How do we test our models?
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How do we test our models? Quasi-Elastic Scattering

e T

(e,p,V) (e’:p,,\/’)

Scattered
probe

Incident
probe

(w,q)

Nucleons .

Nucleus

Hard knockout
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One way to test Mean-Field Model: QE spectroscopy
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One way to test Mean-Field Model: QE spectroscopy

e Spectroscopic factors
extracted from A(e,e’p)
measurements
demonstrated 30-40%
less occupancy of
valence protons than
expected.

What's

missing?
Correlations!
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Global picture of SRC from inclusive & exclusive measurements
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Global picture of SRC from inclusive & exclusive measurements

| [ |
Shell Model = Fermi Gas in a box

Typical nucleus
100%

Probability

| | |
Ke 2kF 3kE
Nucleon momentum
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Shell Model = Fermi Gas in a box
i Typical nucleus
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High-momentum tall
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Global picture of SRC from inclusive & exclusive measurements
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If you don’t follow anything else...

Short Range Correlations:

e 2 nucleons pairs that are close together in the nucleus (wave functions overlap)

« Momentum space: pairs with high relative momentum and low ¢.0.m momentum
(with respect to kr)

« 20% of nuclear wave function, np pairs dominate over pp/nn pairs

llllllll
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Short Range Correlations:

e 2 nucleons pairs that are close together in the nucleus (wave functions overlap)

« Momentum space: pairs with high relative momentum and low ¢.0.m momentum
(with respect to kr)

« 20% of nuclear wave function, np pairs dominate over pp/nn pairs

WHY we (l) care:

Better understanding of the nucleon-nucleon interaction and the nucleon
momentum distribution and the high-impact connections to other fields
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If you don’t follow anything else...

Short Range Correlations:

e 2 nucleons pairs that are close together in the nucleus (wave functions overlap)

« Momentum space: pairs with high relative momentum and low ¢.0.m momentum
(with respect to kr)

« 20% of nuclear wave function, np pairs dominate over pp/nn pairs

WHY we (l) care:

Better understanding of the nucleon-nucleon interaction and the nucleon
momentum distribution and the high-impact connections to other fields

SRC formation process and asymmetry
dependence

Proton dynamics in neutron rich nuclel
Direct observation of SN-SRC

Mapping transition from Mean-Field to SRC
(Migdal jump)
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If you don’t follow anything else...

Short Range Correlations:

e 2 nucleons pairs that are close together in the nucleus (wave functions overlap)

« Momentum space: pairs with high relative momentum and low ¢.0.m momentum
(with respect to kr)

« 20% of nuclear wave function, np pairs dominate over pp/nn pairs

WHY YOU might care:

high-impact connections to other fields

llllllll
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Short Range Correlations:

e 2 nucleons pairs that are close together in the nucleus (wave functions overlap)
« Momentum space: pairs with high relative momentum and low ¢.0.m momentum

« 20% of nuclear wave function, np pairs dominate over pp/nn pairs

high-impact connections to other fields

N\
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(with respect to kr)

WHY YOU might care:

—EMC eftect (future experiment @ JLab)

eutrino-nucleus scattering
eutron stars
uclear symmetry energy

—nergy sharing in imbalanced Fermi systems
Contact interaction in universal fermi systems
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How do we study SRC pairs?
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How do we study SRC pairs?

Segarra | 25/01/2018

(e,p.y) (€.P%Y) Detector

Incident
probe

Scattered
probe

(W,q)

Nucleus

Nucleons

Detector

Hen, ®Lab



SRC i

S —————— . S =

How do we study SRC pairs?

(e,p.y) (€.P%Y) Detector

Incident Scattered

probe probe
(w,q)
A-2
Nucleus
Nucleons

Detector Detector
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~Overview of SRC  wlllir
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Scalar Component of NN Interaction
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Experiment pp Pairs np Pairs

E01-015/JLab

E07-006/JLab 50
o VTR =T Y ~400 / nucleus — —

< 2000 < 450 0
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Motivation for SRC@JINR w7 I'lir

Current Limitation: Statistics
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Current Limitation: Statistics

_Motivation for

Parallel

0 :_o . . .\Leadlng

~30 events to 10,000 events?
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SRC@JINR ¥ I'liT

_Motivation for

Current Limitation: Statistics

Parallel _ |
b ), ~30 events to 10,000 events?
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_Motivation for SRC@JINR s IMlii

Statistics AND Remnant Nucleus?!
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_Motivation for SRC@JINR ¥ IMlii

Statistics AND Remnant Nucleus?!

Proton Probe - Selective Attention
Inverse Kinematics!

Hen, ®Lab
@
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Statistics AND Remnant Nucleus?!

Proton Probe - Selective Attention
At rest, free : :
Inverse Kinematics!

P Probe proton
1

Recoil neutron
in SRC

A-2 system

P2 Q Scattered
proton in SRC

eeeeeeeee
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_Motivation tor

First Fully Exclusive Measurement of SRC Pairs at JINR

Proton Arms
Hydrogen ‘
(4C 55\77:1) ‘ I Target Tracking

Dipole

P2 Q Scattered _3(°
proton in SRC
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Zero-degree
calorimeter

LAND

HHHHHHH



- R Wi

Upcoming Experiment starting Feb 15th

Hen, ®Lab
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Motivation for SRC@JINR w7 I'lir

Upcoming Experiment startlng Feb 15th

Proton Arms

Hydrogen
C beam Target

4 GeV /u) "I |-|->
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_Motivation for

Upcoming Experiment starting Feb 15th

Proton Arms

Hydrogen
C beam Target

(4 GeV /u) I-| |_|_)
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Proton Arms

Upcoming Experiment startlng Feb 15th

Hydrogen
C beam Target

(4 GeV /u) |-| |_|_)

Hen,°Lab
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Proton Arms

C beam H_)Il_(;:zgf ‘ W"’ﬂ/_) Py TOF m R PC

4 GeV/u) "| |-|-> i~
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_Motivation for

Upcoming Experiment starting Feb 15th

W i

Proton Arms

Hydrogen
C beam Target

(4 GeV /u) I-| |-|_)
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SRC@JINR ¥ I'lii

_Motivation 1o

(Large dipole magnet not shown)
GEMs in large dipole magnet not shown

Segarra | 25/01/2018 43 S



_Motivat SRC@JINR

Hen,Lab

Segarra | 25/01/2018 . ?fl s

,,,,,,,,,,,,,,,,,



SRC@JINR s I'liT
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Overview of Short Range Correlations

Physics Extraction

Motivation for SRC@JINR
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Physics Reactions
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C+p—->B+pp

NPsrc /PPsrc
C+p->B+pp+n

npspc / (0, 2p)

C+p->B+pp+ X
P i pPsrc /(®, 2p)

C+p—->Be+pp+0p

C+p—->Be+pp+X
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Physics Reactions

C+p->B+pp+n

NPsrc /PPsrc

} npspc / (0, 2p)

pPsrc /(®, 2p)
pp-SRC
C+p—->Be+pp+X
More exotic channels?

C+p—->2a+pp+ X

C+p->B+pp+ X

C+p—->Be+pp+0p

eeeeeeeee
w
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Physics Reactions

C+p—->B+pp
NPsrc /PPsrc

C+p->B+pp+n

C+p->B+pp+ X
P i pPsrc /(®, 2p)

C+p—->Be+pp+0p

C+p—->Be+pp+X

More exotic channels? Goal: Observe 2N-SRC and
' Identify A-2

C+p—->2a+pp+ X

HHHHHHH
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2N-SRC Ildentification
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2N-SRC Ildentification

Proton Arms Trigger: Irpommg nucleus; 2
out-going protons at 30

ToF

GEM

Hydrogen
C beam Target

(4 GeV/u) ‘ |

eeeeeeeee
w
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Proton Arms

ToF

GEM
Hydrogen
C beam Target

(4 GeV/u) | |

—

P..iss <0.25 GeV/c
P..iss >0.25 GeV/c
both

Pmiss =Pp =4 g5 o0 1

P.i.s (GeV/c)

HHHHHHH
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Scintillation detector Beam: 3.5- A GeV Cions
Trigger: BC1&BC2&CD&BC3(He<A<C)
120 3-mm plast. scintillator —
MCP-PMT XP85012
100 C -
- o -
& . L
E 50 / separation g
Z 60+
40
20 - Si tracking
Proton Arms Dipole Tracking
O - T T T T
0,0 0,1 0,2 0,3 0,4 0,5 0,6 \D_C ToF DC
: Hydrogen
Pulse height A, V Target
> =y 000 1. BN

Thin scintillator

..................



Previoqs BMN Ru'n

| L] |
140 - =
Scintillation detector Beam:: 3.5- A GeV Cions
’ Trigger: BC1&BC2&CD&BC3(He<A<C)
120 ~ 3-mm plast. scintillator
i MCP-PMT XP85012
100 - C
- [ ]
& . L J
E 50 / separation
< 60 -
40 -
20
0 - T T 1 T T
0,0 0.1 0,2 0,3 0.4 0,5 0,6

Pulse height A, V
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Hydrogen
Target

>

TOF at 10 m from the target [ns]

W

-

w
|

34.21-

341

W
.-

33.9

33.8+

Simulation

"B from QE

— '8 from np SRC
"“Be from pp SRC
p from pp SRC

6 7 8 9 10 N 12
Si tracking turning angle [°]

Dipole Tracking

DC ToF DC

| | (
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NEXT MONTH: Initial Measurement

Parameters Values
Length of LH2 target 30 cm
Target Thickness 1.2e24 protons/cm?2

Beam Time 11 days
Duty Cycle 20%
Flux 1e5 ions/s
n Detection Efficiency ~100%
Nuclear transparency 0.2

Is,t,ul > 2 (GeV/c)?

Pmiss > 0.25 GeV/c

Hen,°Lab
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Reaction

Reaction Signal:Background

HHHHHHH
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Collaboration

Addition to the BM@N Physics

Th e W O rl d Of S RC Program: Probing Short-Range

Correlations

Spokespersons:

@\gggf; TECHNISCHE
IS~/
H&/=\ UNIVERSITAT
. &

p _ |I|".“:'.§f§.?fe"3fe“ *M Or Hen (MIT), Eli Piasetzky (TAU),
'-H-'Fermllib * II Technology Cgaﬂﬁll Thomas Aumann (TUD’ GS')’
otopominioN®lefferon Lab —— *@O0O0 Mikhail Kapishin (JINR)
FIU fﬁfﬁﬁ%};@m TEL AVIV UNIVERSITY
Coordinators:

Georgios Laskaris (MIT, TAU),
Anatoly Litvinenko (JINR), Maria
Patsyuk (MIT)

*

UNIVERSIDAD TECNICA
FEDERICO SANTA MARIA

Special thanks to the JINR

team for making our
measurement possible

+ Many Theory Collaborators: UW, Penn State, Huji, Gent, FIU, Perugia, ...
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SRCs in 3H, 3He
E12-14-001 (Hall A)

» ¥

m Hall A tritium target
m Exploit isospin symmetry

m 3H and 3He are extremely
asymmetric!

nuefén  Sgangred
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The CaFe Experiment

E12-17-005 (Hall C)

T

40Ca

48ca

m Disentangle asymmetry and
mass number dependence

m 0Ca — %Ca — Fe

m Pairing from different orbitals

Scattered proton

C L AS 12 scattered

electron
spectator

proton scattered
electron Spectator

neutron
11 GeV e 11 GeV e~

I Deuterium

JLab Hall C JLab Hall B

jet from jet from
struck quark struck quark

E12-11-003A E12-11-107

(

BAND: EMC Effect in Highly-Virtual Nucleons

~

See my poster & come talk to me!

J

yyyyyyyyyyyyyyyyy



,

Short Range Correlations:
« 2 nucleons pairs that are close together in the nucleus (wave functions overlap)
« Momentum space: pairs with high relative momentum and low ¢.0.m momentum
(with respect to kr)

First fully exclusive
measurement at JINR
to study A-2 system
and 2N-SRC with
higher statistics

WHY YOU might care:

General knowledge...

EMC effect (future experiment @ JL.ab)
Neutrino-nucleus scattering

Neutron stars

Nuclear symmetry energy

Energy sharing in imbalanced Fermi systems
Contact interaction in universal fermi systems
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BACK UP SLIDES:

FS Kinematic Distributions
Inclusive QE scattering
Old diagrams + pics of hall layout
Detector breakdowns
Resolutions
Electronics
Calibrations
Timeline
How SRC connects to other things

— B - S - N D T HenfLab
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Cuts for Background reduction

T

W
O
_I|IIII|IIII|IIII IIII|IIII|II'I|IIII|IIII

Lo ' L | II
10 15 20 25 30 35 40 45 50

6, (deg)

25
TOE (near)

=L

' T TR S R T S SR T ST
20 25 30 35 40
P, (GeV/c)

Trigger cuts

25° <8,,<38°
|d,[<7.5°
||, |-180.5°] <7.5°

17.4 (2.8 GeV/c)<tof, ,<18.7 (1.75 GeV/c)
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Hen,°Lab
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0, [degrees]

Hen,°Lab
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How do we study SRC pairs? Inclusive vs Exclusive
\

Scattered
electron

Incident
electron

Knocked-out
proton

Correlated partner
proton or neutron
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QE Inclusive Scattering Experimental Results

eeeeeeeee
:
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QE Inclusive Scattering Experimental Results

| |

3 ke Inelastic —
SRCs
Struck
nucleon 2 kg - —
momentum
lkppb-=-=--=-=-=-N"--"-"-"4-=-"-"-"—-"=-—"-"—~% - --- - - —
Forbidden Forbidden
| | |
0.5 1 1.5 2
more energy transfer «— x —— more momentum transfer
WSe<grra IV 25/01/2018 - - - 72 ~ ;;‘;;
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QE Inclusive Scattering Experimental Results

3 §4He/3He
] E 34

2 o e = S ke o i
3 °® & SRCs

1 e ® g
:_l |,|,| | ] ] E 2 kF — ]
- 2C /*He =

3-0, 3} / 8
C - 9-0.9 P | et g LS LI
A0, 2 o S
He 1o * Forbidden

17 ee® |, | | | | |
' 9Fe /*He 08 1 12 14 16 18 2

4 X — more momentum transfer

2 i °® voe®
?.,o. Seali _
i 1'251'5 1'752 caling constant dn.

X
K.S. Egiyan et al. PRL 96, 082501(2006) A
OA = a2 X 504

eeeeeeeee
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_Motivation for SRC@JINR ¥ IMlii

First Fully Exclusive Measurement of SRC Pairs at JINR

Proton Arms

Hydrogen ‘
C beam Target :
Tracking
(4 GeV/u) I
11

Dipole

Zero-degree
DC ToF DC calorimeter
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First Fully Exclusive Measurement of SRC Pairs at JINR

Proton Arms

Hydrogen ‘
C beam

Target Tracking

(4 GeV/u) I_| |_|_) N

Dipole

Zero-degree
DC ToF DC calorimeter
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First Fully Exclusive Measurement of SRC Pairs at JINR

Proton Arms

Dipole
Zero-degree
DC ToF DC calorimeter
Hydrogen
C beam Target .
Tracking
(4 GeV/u) |-| |-|—> |1 . -------
Il GEMs
inside
f
&7 ¢ '
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Location / Scintillator dimensions, cm3 PMTs
function

Beam Telescope 15x15x0.3

XP 2020
BC2 T0 3.8 x 3.8 (actually 7.4, tilted by MCP-PMT PP03656
452) x 0.091 (Photonics)
BC3 Charge 10 x 10 x 0.29 XP 2020
separation
Veto Veto 15 x 15 x 0.3 with a hole 4.5 cm XP 2020
in diameter

Trigger Location Scintillator dimensions, cm3 PMTs
counters

X, two Inside SP-57
planes

30 x 15 x 1, two optically isolated Hamamatsu 7724
halves each read out by 1 PMT

Y, two Behind SP- 50 x 50 x 2, read out by 2 (4) PMTs

ET9954KB
planes 57

Segarra | 25/01/2018
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e 8siliconmodules

e 2 square shape silicon
microstrip detector

 Dimensionsof each module:

6.1cmx6.1cm
* Thickness: 300 um
e 1280 strips per silicon module
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Overall Resolutionis 100 um
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[ ] | ] | ] ] | ] ]
Xstrips L XstripsR ¢ B € € € ¢ i
L JC JC JL J _JC JC _ JC T _JC _JC _JC _JL _JL _JTL _JL 1
:lA a A A A B B C [ [ C B B A A A A A [ —_ N
Each connector - 125 strips
:|A 600 mm . |:
:IA ‘ A I: \ / ‘
Ef :|A 7 A |: g \\\ X strips part C . -
> w X stri B [ ]
I J/EER - —_— Resolution:
a) %B § 8 E b) Xstrips part A ¥ strips part A Y stripspart B c
C C T 4
] dl \// / " (O Il“l',
X strips partA X stripspart B ¥ strips part C Y strips partA — -
e pon etipepan s ‘I 6 mm )
Gas In/QOut-Let
Kapton 50 mkm
, Entrance Foll
Xstripspart A Xstripspart B outB
Drift Foil
ooth =
L
> GEM foil
5
C) d) f’ GEM foil
wzm mkm Y strips g — ZD Readout
Honeycomb plane

Figure 2: a) Schematic view of the first GEM half-plane with the readout strips split into
zones. b) Schematic view of the GEM middle 1/4 plane with the readout strips split into
zones. ¢) Layout of the strip readout from different zones. d) Schematic transverse structure
of the triple GEM detector.
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MRPC: multi-gap resistive plate chamber

L0 _

1300
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Honeycomb (5 mm)

PET Screw 10 mm
Outer PCB (1.5 mm)
Mylar (100mkm)

Outer HV glass (400 mkm) —
Inner glass (270 mkm)
Spaser (fishing line 200 mkm)

PCB with “strips” (1.5 mm)
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 Glass— 280 um

e Gap width—200 um

* Number of gaps — 15

e Active area —300*600 mm?
e Strip size —10*600 mm?

e Strip impedance —50 Ohm
e 24 strips, 48 ch FFE.

Resolution:
(0.34mm,
6mm)
80ps

Hen,°Lab
@
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* wire inclination angles of 0, 90, +45°

* outerdimensions of the sensitive area of Y_,
+1.2m, X,*1.2m

256 wires per coordinate plane
e 2048 wires per chamber

|5 mm] field wires \
X x X X X
El

X X

graphite coated

* . . . t() mm WA
X X X X X X X mylar foils
6mm¢

X X X X X

X
B [ ] [ ] e L} o £l
X X X x | x | x
\ / =] cme

sense wires : :
Beam direction

eeeeeeeee
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32 Hot and 40 Cold Regions of mRPC
~80ps resolution

e Hot regions: 30.3x56 cm? (16 strips 18x560 mm?)
e Cold regions: 16x35.1 cm? (32 strips 10x160 mm?2)

cathode
glass 0.67mm
/_)il/ fishing line 0.3 mm
3 PN O]
R ?
2 [ [& 8
! WY

3 T T

L
2 14 [¢

N 2 'l “. [ NS
i} 1L 1L -~

MM M M M M
17T
=
/”//
-]
Py
|
.~
|1
|1
I~ N N

graphite

mylar 0.05
mylar 0.4
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Beam Momentum resolution 0.3%

Beam Angular Resolution 0.040
TOF-400 time resolution 80 psec
Leading protons polar resolution 0.060
Leading protons azimuthal 0.130
LAND time resolution 300 psec
LAND polar resolution 0.060
LAND azimuthal resolution 0.060
Momentum resolution for A-2 0.6%
Polar resolution for A-2 0.020
Azimuthal resolution for A-2 0.030°

Hen, ®Lab
@
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Specify:

Latency

Search Window
ADC Window

} '
|
i

-

o
o
o
e ad

y

ITTC l

TRRY)
45;!}A§{i -
v

(3
(8
3

c

4
>’ -
oh
~ g ' d
: () =

®
T T F

3
=)

125 MS/s

14 bit resolution
25ps resolution

/

:“‘I.l ¥ ¥ = s o i {11804
= <" e pdadddhuiinnhiniaaet
h{g EE duddsuvdiiudnninndndss

29888

©)

= 3o
R T
ITTiitiiE
ddo — Frrrrrrrrres
SRR aiidaa sk a s s
Sans
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*0):0):0):0
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(Already discriminated)

to

Spill BC1 BC2/T0 VC BC4 BC3 __ ... X1 Y1 X2 Y2
O S A S TN S S B A S
Dlsc 1 DISC 2 DIS.C -1 Dis.c-1 Dis.c-1 .Disc-2.
% Iﬂ HNEE

VvV VvV VY

SRC Trigger 1: SRC Trigger 2:
AND (of 2 signals, AND (of 2 signals,
Beam Trigger: up to 2) up to 2)
AND (of 2 signals,
up to 5)

Interaction Trigger:
AND (of 3 signals, up
to 3)

SRC Full Trigger:
=B AND (of 2 signals,
up to 3)

Trigger:
AND
(of 2 signals, up to 4)

- Generator

\_ | v,

! v v TOU Module
DAQFree  Irig to DAQ Trlg Type
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Optics C R 10

————e——————

e Usea 2-5% NIP Pb target (e.g. 2.5 mm Pb target
corresponds to 2.8% NIP)

* Foils @ MIT Hen Lab are 250 um thick

* 10 scattering centers along the 30 cm long H,
target region

3cm

W

€ >
30cm

HHHHHHH
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TOF-400

Pb converter
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_Current ine s INiT

Timeline

HHHHHHHHH
/ W@
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Dates

Feb 6
Feb 10
Mar 6 - 12
Mar 13 - 23

SRC Running




Feb 6
Feb 10

Mar 6 - 12
Mar 13 - 23 SRC Running

Electronics setup & testing J
Quality control software /
Prelim online analysis

HHHHHHHH
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I Sensitivity to SRCs
Assuming scattering off 2N-SRC pairs:

* (e,e’p) is sensitive to np and pp pairs
* (e,e’pp) is sensitive to pp pairs alone

=> (e,e’pp)/(e,e’p) ratio is sensitive to the np/pp ratio

A(e,e'pp) <#pp, 20,

Assuming
A(e,e'p) o<#pp,-20, +#pn, o, No FSI

1 #pn,

= # .20 | 14 4
PP ! - 2#pp,
- Ae,e'p)

—. '

_A(e,e pp)

1

4(



S Sensitivity to SRCs

Assuming scattering off 2N-SRC pairs:
* (e,e’p) is sensitive to np and pp pairs
* (e,e’pp) is sensitive to pp pairs alone
=> (e,e’pp)/(e,e’p) ratio is sensitive to the np/pp ratio

A(e,e'pp) o< # pp,-20,
A(e,e'p) o #pp,-20,+#pn,-o,

I 1 # pn ]
=#pp,-20,| 14 2#ppA
_ A _
:#npA _9. A(e,evp) )
# pp, _A(e,e'pp) _

— —

41



i Kinetic Energy Sharing

A . , . ,
n(k) | Majority | --- non-interacting
----- .. ! —interacting Momentum

\" distribution of an
------- . imbalanced two-

component Fermi
system

O. Hen et al. (CLAS Collaboration), e 7 4
- Science 346, 614 (2014) 4




mm Calculations Predict Correlations wins

~
o =) > o o A : x
<T>M|nor|ty - <T>Major|ty s | = ~t_
V 3 =
+=
~ : B / /27A|
A\ - 108Ag - e/ 56Fe
&Q.
Light Nuclei (A<12) ’ /
N-7 —~ No Correlations 1PM+
A <>, <T>, <>, -<T>, 48 5 LCA x
*He 050  30.13  18.60 11.53 _ Yt
He 033 2766 19.06 g0 04 042 0.44 0.46 048 0.5
9Li 0.33 31.39 24.91 6.48 x,=Z/A
He  0.33 14.71 19.35 -4.64
H 0.33 19.61 14.96 4.65 Heavy Nuclei (27<A<108):
8L 0.25 28.95 23.98 4.97 M. Vanhalst, W. Cosyn, and J.
“Be 0.2 30.20  25.95 4.25 Ryckebusch, arXiv: 1405.3814.
TLi 0.14 26.88 24.54 2.34
Be  0.11 29.82 27.09 2.73
1B 0.09 33.40 31.75 1.65
- VMC Calculations: R. Wiringa et al., Phys. Rev. C 89, 024305 (2013) 47



i The Contact and Universal Relations

A concept developed for a dilute two-component Fermi

Scattering

systems with a short-range interaction. length

/

<<a,d

dilute = 7,

Distance between

These systems have a high-momentum tail: fermions

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

Tan’s Contact term: Cis the contact term

1. Measures the number of SRC different fermion pairs.
2. Determines the thermodynamics through a series of universal

relations.

S. Tan Annals of Physics 323 (2008) 2952, ibid 2971, ibid 2987
i 57




I A Nuclear Contact?

Is there 1/k* scaling regardless? YES!

(a) ==AV18  -='CD-Bonn 11 §

1 .Skp <k< 3kF )= i —tlosw :;
=l dyn @) e N FT
e A S \c

, J
O. Hen et al. Phys. Rev. C 92, 045205 (2015) k



Comparing with atomic systems

Equal contacts for equal interactions strength!

For Nuclei:

O‘<LL4 I_ Atomic Sias v 40 Atoms
=L CUOW o fLinoms
B w L © = Nuclei Cu, 97Au
3F @~V ©
- dd ¢ - -
— -
o[ ke = 1.6 eV/c Nuclei
~ p=10%m3 -(\;
s &
i ke = 2.5x108 eV/c
- . ~ 104 m>3
Orl-.#._l.‘lll 1|g1
-2 1.5 -1 -0.5 0 0.5 1
(k_a)
F

O. Hen et al. Phys. Rev. C 92, 045205 (2015)
Stewart et al. Phys. Rev. Lett. 104, 235301 (2010)
Kuhnle et al. Phys. Rev. Lett. 105, 070402 (2010)

ke = 1.27 fm-
a=54fm
=> (k:a)!=0.15

_C
kpA

3.04 £+ 0.49
3.33 = 0.94

3.30 = 0.53

Nucleus
12 C
°°Te

197Au

C
k, A

=a,(4) R,

72



Nuclear Symmetry Energy

Energy of asymmetric nuclear matter:

_ _ P,,I—Pp 2 4
E(pna pp) — EO(pn_pp) f{sym(l))( P ) 0(6)

symmetry enerqgy

\Esym (,U )=E (,0 )PNM - E (,0 )SNM

Relates to the energy change when replacing n with p

* equation-of-state of ¢ r-process nucleosynthesis
neutron stars * core-collapse supernovae
* heavy-ion collisions ¢ more...

79



mm  Constraining the Symmetry Energy
: [With SRCs]

Adding np-SRCs breaks the Fermi-
Gas picture

=> Need a correlated Fermi-Gas




nCFG(k) =

N\

SNM
A,
C_/k*
0

»

»

PNM

A k <k,

0 k.<k<Ak,
0

0k > Ak,

O. Hen et al., Phys. Rev. C91, 025803 (2015).

[Fermi-Gas with an SRC tail]

Correlated Fermi-Gas Model (CFG)

C/k%*is a good parameterization
of the high-momentum tail:

0.5

m— AV18

— 1B == N3LO600
== WJC1 == WJC2
= NIJM1 == NIJM2
=== NIJM3

—-AV18 (S-Wave) _|
== CD-Bonn --- AV18 (D-Wave) _

e e R — R ———— - ———— ety |




Next Step — Incorporating CFG model
into:

* neutron stars equation-of-state fits
* Transport models for Hl collision
analysis




