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Short-range correlations are a universal property

of nuclel.

m Relative momentum:
> 300 MeV/c

m CoM momentum:
O(150 MeV/c)



Short-range correlations produce
high-momentum tails.

Log Probability

Nucleons in 12C

_\ Fermions in a box /l@/

Wiringa et al.
PRC 89 024305 (2014)

1 2 3
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Break up the pair, detect both nucleons
— reconstruct initial state

Scattered electron __ O

‘%’(}
A G

Struck nucleon

Recoil nucleon



Many discoveries from remarkably little data

High-impact results
Advances in theory and ab initio methods

Connections to other fields

m Strongly-interacting Fermi systems
m EMC effect
m Neutron stars

We need more datal



A new experimental program is needed to:

Move from qualitative to quantitative.
Put reaction theory on solid ground.

Pursue high-impact avenues
m NN-interaction
m Asymmetry dependence
m 3N Correlations
m Reaction dynamics



In this talk:

Past success
m High-impact exclusive SRC measurements

Unanswered Questions
m More high-impact physics to come

Proposed program
m Designed for maximum impact



12C: SRC pairs are far more likely to be
neutron-proton, than proton-proton.
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Subedi et al., Science 320 p. 1476 (2008)



np-dominance persists in asymmetric nuclei.

np fraction
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Hen et al., Science 346 p. 614 (2014)



This leads to new effects in neutron-rich nuclel.

1.8 n(k)
1.6
: 7L
Neutrons '4[ g
NETONS w2
Protons B |5
1.2f [P
1:, % g High-Momentum }
0.8} C Al  Fe Pb
1 | | |
1 1.2 1. 1.6

4
Neutron Excess [N/Z]

Duer et al., to appear in Nature (2018)



Correlation Probabilities:
Neutrons saturate, Protons grow
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The center-of-mass momentum distribution
offers first glimpse of formation mechanism.
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The evolution of np-dominance may be
a sign of the repulsive core.
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Korover et al., PRL 113 022501 (2014)
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The evolution of np-dominance may be
a sign of the repulsive core.
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The evolution of np-dominance may be
a sign of the repulsive core.
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Weiss, Cruz-Torres, et al., PLB 780, 211 (2018)
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The evolution of np-dominance may be
a sign of the repulsive core.
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Weiss et al., arXiv:1806.10217 (2018)
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The evolution of np-dominance may be
a sign of the repulsive core.
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Schmidt et al., in preparation
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SRCs may be the cause of the EMC effect.
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CLAS-6 data led us to build a consistent
phenomenological model.

F5' = ZFY + NFJ + n8ec(AFY + AFY)
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Schmookler et al., submitted for publication
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CLAS-6 data led us to build a consistent

phenomenological model.

F5' = ZFY + NFJ + n8ec(AFY + AFY)

T T
0.05 - (AFY + AFY) x ndge/FS

Universal function
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Schmookler et al., submitted for publication
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All of these high-impact results
have come from very litle data.

Experiment pp Events pn Events
EVA/BNL (C) - 18
Hall A (C) 263 179
Hall A (*He) 50 223
CLAS (C, Al, Fe, Pb) 425 150

21



Current data can't disentangle size

from nuclear asymmetry.
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We have no data on nn pairs.
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Three-nucleon correlations?

“

Fomin, Higinbotham, Sargsian, Solvignon, Ann.Rev.Nucl.Part.Sci. 67 129 (2017)
Day, Frankfurt, Sargsian, Strikman, arXiv:1803.07629 (2018)
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Three-nucleon correlations?

; week ending
PRL 96, 082501 (2006) PHYSICAL REVIEW LETTERS 3 MARCI 2006

f Two- and Three-Nucleon Short-Range Correlation Probabilities in Nuclei

K.S. Egiyan,""1 N.B. D::\shya\m1 M.M. Sa.rgsian.'o M.L Stri.kn‘u:ux,28 L.B. Weinstein,l7 G. Adams,m P. Ambrozewicz,'
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Three-nucleon correlations?

; week ending
PRL 96, 082501 (2006) PHYSICAL REVIEW LETTERS 3 MARCI 2006

f Two- and Three-Nucleon Short-Range Correlation Probabilities in Nuclei

K.S. Egiyan,”" N.B. D::\shya\m1 M.M. Sa.rgsian.m M.L Stri.kn‘naux,28 L.B. Weinstein,l7 G. Ada\ms,m P. Ambrozewicz,'

PRL 114, 169201 (2015) PHYSICAL REV

Ieasurement of Two- and Three-Nucleon
hort-Kange Correlation Probabilities in Nuclei”
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Three-nucleon correlations?

; week ending
PRL 96, 082501 (2006) PHYSICAL REVIEW LETTERS 3 MARCI 2006

f Two- and Three-Nucleon Short-Range Correlation Probabilities in Nuclei

K.S. Egiyan,”" N.B. D::\shya\m1 M.M. Sa.rgsian.m M.L Stri.kn‘naux,28 L.B. Weinstein,l7 G. Ada\ms,m P. Ambrozewicz,'

PRL 114, 169201 (2015) PHYSICAL REV
Ieasurement of Two- and Three-Nucleon
hort-Kange Correlation Probabilities in Nuclei”

PHYSICAL REVIEW C 97, 065204 (2018)

or three-nucleon short-range correlations in light nuclei

Z.Ye,'3 P, Solvignon,*>" D. Nguyen,® L. Aguilera,® Z. Ahmed,” H. Albatainch,® K. Allada,” B. Anderson,” D. Ancz,'®

arXiv:1803.07629v1
bservation of three-nucleon short-range correlations in

high Q? A(e,¢))X reactions

Donal B. Day?, Leonid L. Frankfurt?, Misak M. Sargsian® and Mark I. Strikman?
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Interlude: Reaction Mechanisms

What we want:




Interlude: Reaction Mechanisms

What we (might) get:

*

e =

/
/

La:/%

/" FSI




Interlude: Reaction Mechanisms

MEC suppressed @ high-Q?,
IC suppressed at x; > 1.

Frankfurt, Sargsian, and Strikman PRC 56, 1124 (1997).
Colle, Cosyn, and Ryckebusch, PRC 93, 034608 (2016).



Interlude: Reaction Mechanisms

MEC suppressed @ high-Q?,
IC suppressed at x; > 1.

FSI suppressed in anti-parallel

e 4 kinematics. Treated using
ljj / Glauber approximation.

7 of ‘He(e.o'p) R=Orun/ Opwin

/" FSI FSL~

Frankfurt, Sargsian, and Strikman PRC 56, 1124 (1997). 0020 40 60 80 100 120 140
Colle, Cosyn, and Ryckebusch, PRC 93, 034608 (2016). Oa



Glauber agrees with data.

Transparency Ratios
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Glauber agrees with data.
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We propose to measure several
new Important targets.
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The CLAS-12 detector will give us better rates,
acceptance, neutron capabllities.

Reaction pp pn np nn
Counts per target 13,000 13,000 8,500 250

Pb will have ~ 1/2 the statistics.
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An increase In statistics will
determinations.

allow quantitative

Contact formalism

+e— This proposal |

Contact formalism |
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An increase in statistics will allow quantitative
determinations.
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An increase in statistics will allow quantitative

determinations.
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An increase in statistics will allow quantitative

determinations.

100~
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12 Ciofi and Simula
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Future Directions in SRC research

NN Int. & nuclear wave-function
[2H & “He]

08 08
p, [GeVic]

e [MeV/c]

Many-Body systems
& nuclear asymmetry
[48Ca, 1205n' 208pb]

* Decoupling N/Z& A
* nnvs.pp

2 Ciofi and Simula
«=-Colle et al. (Al Pairs)
— Colle et al. (S, pair)

0 W A

3N-SRC
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15t Observation & A-dependence

A A

Reaction Mechanisms
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Many-Body systems
& nuclear asymmetry
[48Ca, 1205n’ 208Pb]

* Decoupling N/Z & A
* nnvs.pp
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~--Colle et al. (Al Pairs)
— Colleetal. (S, pairs)




3N-SRC
[*He, 12C, 40Ca]

15t Observation & A-dependence
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NN Int. & nuclear wave-function




Reaction Mechanisms
[4He, 12C 285i 4°Ca, 1205n 208pb]

* QZindependence
* A-dependence
. vs. Glauber
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NN Int. & nuclear wave-function Many-Body systems

[*H & “He] & nuclear asymmetry
[48Ca, 1205n' 208pb]

3N-SRC
[*He, 12C, 40Ca]




NN Int. & nuclear wave-function Many-Body systems
[*H & “He] & nuclear asymmetry

[48Ca, 1205n’ 208pb]

3N-SRC ¢——t===P> Reaction Mechanisms
[4He, 12C, 40Ca] [4He, 12C 285i 4°Ca, 1205n 208pb]




NN Int. & nuclear wave-function Many-Body systems
[*H & “He] & nuclear asymmetry

[48Ca, 1205n’ 208pb]

3N-SRC ¢——t===P> Reaction Mechanisms
[4He, 12C, 40Ca] [4He, 12C 285i 4°Ca, 1205n 208pb]




NN Int. & nuclear wave-function Many-Body systems
[*H & “He] & nuclear asymmetry

| [48Ca, 1205n’ 208pb]

N

3N-SRC ¢——t===F> Reaction Mechanisms
[4He, 12C, 40Ca] [4He, 12C 285i 4°Ca, 1205n 208pb]




NN Int. & nuclear wave-function Many-Body systems
[*H & “He] & nuclear asymmetry

| [48Ca, 1205n’ 208pb]

/

+ EMC-SRC Studies

AN

3N-SRC ¢——t===F> Reaction Mechanisms
[4He, 12C, 40Ca] [4He, 12C 285i 4°Ca, 1205n 208pb]




Multiple Proposals — One program

We choose to follow the PAC guidance and present the full program
all at once.

“An issue was raised regarding our approval of long beam time
allocations for CLAS12, without scrutinizing the precise relationship
between beam time and physics goals. Indeed, such scrutiny would be
very difficult for a PAC, especially in cases where the precision on a final
result requires extensive analysis. Furthermore, this would end up
crossing the line to acting as a scheduling group, rather than a PAC.
However, we want to make the point that long beam time allocations for
run groups, must be seen as flexible in their scheduling.”

—J. Napolitano, PAC44 summary letter
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To recap:
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To recap:

+ other PRL; PLB: PRC: ...
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2018 Data
/ Accepted (pri

Analysis approved;
Paper under final CLAS review

Analysis approved;
Paper under final CLAS review

Submitted

Acce ptEd [Nature] Starting Analysis Review




Beam-time request

Target: *He | 2C | %si | *Ca | *®*Ca | sn| 2®Pb | Total

Days 3 2 2 3 3 4 5 27

(6.6 GeV)

Calibration 1

Target Changes 2
Total at 6.6 GeV: 30

Days 1 1 0 0 0 1 1 6

(4.4 GeV)

Calibration 1

Target Changes 1

Total at 4.4 GeV:




Beam-time request

Target: *He | 2Cc | ®si | ®ca | *®ca | ™sSn| 2®Pb | Total

Days 3 2 2 3 3 4 5 27

(6.6 GeV)

Calibration 1

Target Changes 2
Total at 6.6 GeV: 30

Days 1 1 0 0 0 1 1 6

(4.4 GeV)

Calibration 1

Target Changes 1

Total at 4.4 GeV:




Beam-time request

Target: *He | 2c | %si | ®ca | *®ca | ™sn| ®Pb [ Total

Days 3 2 2 3 3 4 5 27

(6.6 GeV)

Calibration 1

Target Changes 2
Total at 6.6 GeV: 30

Days 1 1 0 0 0 1 1 6

(4.4 GeV)

Calibration 1

Target Changes 1

Total at 4.4 GeV:




Beam-time request

Target: *He | C | %®si | ®ca | *®*Ca | ™sn| 2®Pb [ Total

Days 3 2 2 3 3 4 5 27

(6.6 GeV)

Calibration 1

Target Changes 2
Total at 6.6 GeV: 30

Days 1 1 0 0 0 1 1 6

(4.4 GeV)

Calibration 1

Target Changes 1

Total at 4.4 GeV:




Beam-time request

Target: *He | C | %®si | ®ca | *®*Ca | ™sn| 2®Pb [ Total

Days 3 2 2 3 3 4 5 27

(6.6 GeV)

Calibration 1

Target Changes 2
Total at 6.6 GeV: 30

Days 1 1 0 0 0 1 1 6

(4.4 GeV)

Calibration 1

Target Changes 1
Total at 4.4 GeV: 8

Complements approved Hall C (e,e’) EMC-SRC program:
® 67 PAC days, 15 different targets




Back-up slides
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Overlap with e4v

Energy “%He C 129Sp  Total
4.4 GeV 1 1 1 3
6.6 GeV 2 2 2 6

m 9 beam days of overlap
m Shared calibrations

m Optimized setting changes
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New CLAS-12 multi-target system

Developed by collaborators at UTSFM, Valparaiso, Chile

See me for video of prototype.
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Recoil-tagging may give us a new handle.
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FSI: Theory Guidance

For large Q2, x>1




FSI: Theory Guidance

For large Q2, x>1

T -

. Can be approximated by
AEv Glauber (transparency)
[PRC 56 1124-1137 (1997), arXiv: 0806.4412]

AE = —qo — Ma +/m? + (pi + @)% +\/M3_, + p7 . Large but confined
within the SRC pair

1
LRSI s— 5 1 fm

Rescattering do not
produce 2N-SRC
candidates due to

high p, ”



FSI: Theory Guidance

For large Q2, x>1

T - S

1
gyl et
rESI Aly ~ 1 fm

[PRC 56 1124-1137 (1997), arXiv: 0806.4412]

AE = —qo— Ma +/m? + (pi + q)2 + \/M3_; +p?

* Choose kinematics to min FSI
* Choose observables not

sensitive to <J»

. Can be approximated by
Glauber (transparency)

. Large but confined
within the SRC pair

Rescattering do not
produce 2N-SRC
candidates due to

high p, .



Nuclear contact in EFT and the EMC effect

Chen, Detmold, Lynn, Schwenk, PRL 119, 262502 (2017)

F2(x, @2)

T = (0 Q%) + g2(A NR(x, Q%A

9a(A A) = i (Al (v |A)

g> IS the nuclear contact!
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We tried to model the modification
of a single np-SRC pair.

Work in collaboration with Barak Schmookler
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We tried to model the modification
of a single np-SRC parr.

F3=(Z- ”éRc)sz'i‘ (N = nére)F2 + ”éRc(sz* + )
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We tried to model the modification
of a single np-SRC parr.

F3=(Z- ”éRc)sz'i‘ (N = nére)F2 + ”éRc(sz* + )

F5' = ZF} + NFJ 4 nSrc(AFS + AFY)

71



We tried to model the modification
of a single np-SRC parr.

F5' = (Z = n&rc)FL + (N — ) F3 + nsrc (S + F3)
F5' = ZF} + NFJ 4 nSrc(AFS + AFY)

F$ = FP + FJ 4 ndgc (AFS + AFY)
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We tried to model the modification
of a single np-SRC parr.

d
Nsrc p
AF, AF)

d
NSrc

Fd (Z N) — N
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We tried to model the modification
of a single np-SRC parr.

d d —(Z - N) - N
BRe(AFP 4+ AFp) = &
F2 nSiRC _ N
ndrc
Universal function Nucleus-dependent
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EMC data vary significantly by nucleus.
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Submitted for publication
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The SRC-modification function seems universal.
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The SRC-modification function seems universal.

0.1 208
197
©
S 27
= 0| A
gV
3 12
(0]
=
c O— 8 . s D
- 005 | T 1071°
—{ 4
-0.1 ‘ ‘ ‘ 3

0.2 0.4 0.6 0.8 1



The SRC-modification function seems universal.

Universal function

0.1

0.05 |- i

~0.05 | .

0.1 \ \ \ L

0.2 0.4 0.6 0.8 1

See Kulagin and Petti, PRC 82 054614 (2010)
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0.8

Free neutron f, extraction
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Predicting the EMC-SRC correlation
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Self-consistent isoscalar corrections

Neutron normalization Proton normalization
0.6 T T T T T 0.6 T T T T T T
e N=Z T e N=Z
05 - = Before correction = 05 - = Before correction II -
. After correction . After correction -
04 - A 04 T
Ty e

© 03 T4 4 v 03k = .
E 02 |- 4 B o2} " .
01 4 01 - :
0 B 0+ .l I —

—0.1 S ! ! ! ! ! —01 S I I I I I
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

ay al
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Neutrinos: C12-17-006 (23 PAC days)

Energy “He 2c 160 4OAr 1209 Total
1.1 0.5 0.5 0.5 0.5 0.5 25
2.2 1 1 1 1 1 5
4.4 1 1 X 1 1 4
6.6 2 2 X 2 2 8

Total 4.5 4.5 1.5 4.5 4.5 19.5+3.5"

“Plus 3.5 PAC days overhead is for beam energy and target changes (2.5 days) and calibrations

(1 day).

SRC: PR12-18-003 (37 PAC days)

Energy d “He 12c 28gj 4°Ca “8Ca 1206 208ppy Total
4.4 2 1 1 X X X 1 1 6
6.6 5 3 2 2 3 3 4 5 27

Total 7 4 3 2 3 3 5 6 33+4°

“Plus 4 PAC days overhead for target and beam energy and changes (2 days) and calibrations (2

days).

Combined experiment beam time request (49.5 PAC days):

Energy | d | “He | 2C | %0 | 2si | “°Ar | “cCa | “Ca | ?Sn 208pp Total
1.1 X 0.5 0.5 0.5 X 0.5 X X 0.5 X 25
2.2 X 1 1 1 X 1 X X 1 X 5
4.4 2 1 1 X X 1 X X 1 1 7
6.6 5 3 2 X 2 2 3 3 4 5 29

Total | 7 | 55 | 4.5 1.5 2 45 3 3 6.5 6 43.5+6"

“Plus 6 PAC days for beam energy and target changes (4 days) and calibrations (2 days).




Important to Physics! ©

£ np fraction I
10 . _
é 8 ¢ Al Fe Pb N u c ea r
lg : o68%C.L.
& - pp fraction 9% CL.
® o
» —_— ;
100
* Quantum
n(k) Majority | --- non-interacting

">} —interacting

O‘{L AomicGas i poms |/ -
L4 QWO | L inoms J}, 3 i
QveLT = Nucke / Hﬂcul Way
3 6,00 2

¢ ¢
k=16 eV/c

/ '
21 Joionms e S
|
n 4 4 s
o
_ k, = 2.5%10° eV/c S0

=% p=10%m? =
0 v . | . c5 [Heavy-lon
2 15 -1 05 0 0.5 it 10—00\\\5\0{15

(ka)’

Atomic :

>
wn
o~
—
(@]

Correlated

Fermi-Gas




Important to Physics! ©
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Bound nucleons in EFT and QCD

1. EFT Fl214 @012 )=FI2TN (x,012 )+g42 (AN)-f12 (1,072 A)

/ O\

Bound = Free + Factorized Modification

\ _/

2. QCD: |MWbound=|N)+(slbound —)|N 1+ )

Hen, Miller, Piasetzky and Weinstein,
Reviews of Modern Physics (2017).

Chen, Detmold, Lynnm, and
Schwenk, PRL (2018).



SRC and the Symmetry Energy

Tensor Correlations:
* Break the Fermi-Gas picture

* Reduce the kinetic symmetry energy (at p,)
* Enhance the potential symmetry energy (at p,)

 Softens the potential symmetry density
dependence

But.... Still consistent with constrains from
neutron stars observations!

0. Hen and A. Steiner et al. (on arXiv soon) 0. Hen et al., PRC 91, 025803 (2015) 6



SRC and the Symmetry Energy
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0. Hen and A. Steiner et al. (on arXiv soon) 0. Hen et al., PRC 91, 025803 (2015) 7



Skin Width and Symmetry Energy
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Pairing and.... Neutron Skins

Protons move faster in the neutron skin

0.10
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0.06 |
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of the largest neutron excess
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Neutron Skins

Do SRC change
the neutron skin?

Pairing and....

Protons move faster
in the neutron skm

0.10
0.08

%Anam%

400
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B.J. Cai et al., arXiv: 1606.08045 (2016).

SRC
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G. Hagen et al.,
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Nature Physics 12, 186 (2016)
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Pairing Calculations — Light Nuclei

o000 ) Two Body momentum distributions
. < %F
S pHe e
e X AlPal S N
o = r all-
§ 8_' 25:_ ) alrs
Q E
f? 201
15]-
102— """""
z T R e
g k [fm™]
- SRC pair ith zero

R. Wiringa et al., Phys. Rev. C 89, 024305 (2014).
T. Neff, H. Feldmeier and W. Horiuchi, Phys. Rev. C 92, 024003 (2015).
|. Korover, N. Muangma, and O. Hen et al., Phys. Rev. Lett 113, 022501 (2014). 1



Pairing Calculations — Heavy Nuclei

Mean-Field approach:
Shift the complexity from the
wave function to the operators!

* Start from a mean-field staler
determinant.

* Introduce SRC using tensor
correlation operators that act
on close proximity nucleons
(specifically ;S and 3S).

* The action of the correlation
operators change the quantum
numbers to produce deuteron-
like SRC pairs!

relative number of SRC pairs

All pairs

C. Colle and O. Hen et al., Phys. Rev. C 92, 024604 (2015) 12



Pairing Calculations — Heavy Nuclei

Extract from data the
number of pp (np) SRC
pairs in nuclei relative
to 2C.

Observe that the pair
number increases
very slowly with A

consistent with 1S, (3S,)
pairs creating SRCs.

relative number of SRC pairs

All pairs

10

C. Colle and O. Hen et al., Phys. Rev. C 92, 024604 (2015)



Pairing Calculations — Heavy Nuclei

* Extract from data the
number of pp (np) SRC

wn
i
-
&
pairs in nuclei relative %)

* consistent with 1S, (3S,) [
pairs creating SRCs. 1t

C. Colle and O. Hen et al., Phys. Rev. C 92, 024604 (2015)

14



Pairing and.... the EMC Effect

IsoSpin dependent EMC effect (u quark distribution more
modified than d) can explain the NuTeV anomaly.

. Mean-Field models
(Cloet, Benz, Thomas) e
. EMC-SRC models i
(Miller, Frankfurt, L0
Strikman, degli Atti, ”-T,E:,
Kulagin, Petti) "
If <Tp> > <T>: 023
=» protons more-
modified than neutrons

=» u modification > d

025 —

0225 ——

L B R R L

T T T T

f | — existing measurements

—— future measurements (anticipated uncertainty)
== SM (MS scheme including higher orders)

i iCs APV

SLAC 5158} JLab Ow(p)} NuTeV

curve by Jens Erler

Z-pole
semi-leptonic
Z-pole leptonic
0.001 0.01 0.1 1 10 100 1000
Q[GeV]
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FSI: Theory Guidance

For large Q2, x>1




FSI: Theory Guidance

For large Q2, x>1

T -

. Can be approximated by
AEv Glauber (transparency)
[PRC 56 1124-1137 (1997), arXiv: 0806.4412]

AE = —qo — Ma +/m? + (pi + @)% +\/M3_, + p7 . Large but confined
within the SRC pair

1
LRSI s— 5 1 fm

Rescattering do not
produce 2N-SRC
candidates due to

high p, ;



FSI: Theory Guidance

For large Q2, x>1

T - S

1
gyl et
rESI Aly ~ 1 fm

[PRC 56 1124-1137 (1997), arXiv: 0806.4412]

AE = —qo— Ma +/m? + (pi + q)2 + \/M3_; +p?

* Choose kinematics to min FSI
* Choose observables not

sensitive to <J»

. Can be approximated by
Glauber (transparency)

. Large but confined
within the SRC pair

Rescattering do not
produce 2N-SRC
candidates due to

high p, -



Unitary Interlude

* “high momentum” interpretation relies on single
nucleon interaction operators.

* Compatible \w calculation using hard potentials (e.g., AV18).
* Difficult to go much beyond than C/ Ca.

* Unitary transforms simplifies calculations of heavy nuclei at

the expense of forming many-body operators.
(WION)=(PUTt |[UO UT [U¥)
* Transforms “high momentum” to “short range”
Win: Simpler wave functions
Lose: Complicated interaction operators
Trick: Transform wave-function but not the operators © &
* No calculations for e-scattering off heavier nuclei, yet.

* Complete physical equivalent.
* Same cross sections
* Different interpretations

19



SRC Spectator Tagging

(04/4) / (0a/2)

— C/d [
— Al/d i
—— Fe/d B
— Sn/d s
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B. Schmookler et al. (CLAS Collaboration), In-Preparation
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Short-Distance Factorization

1. Factorized ansatz for the short-distance (high-momentum) part
of the many-body wave function:

15 —0
R Zwa Tij Azg (Rijs {7t rstis)
0%

S

* Universal function of * Nucleus (/ system)
the NN interaction. specific function

e Taken as the zero energy ° Depends on all nucleons

solution to the 2 body problem except the SRC pair
(primarily mean-field)

2. Test by comparing to many-body calculations and data from
hard knockout measurements

Weiss, Cruz-Torres, Barnea, Piasetzky and Hen, Phys. Lett. B 780, 211 (2018) 21
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Weiss, Cruz-Torres, Barnea, Piasetzky and Hen, Phys. Lett. B 780, 211 (2018) 22



Spectral Function

Define pair spectral function as:

St = 1 [ Tt 12601 = po) /2D (i + )

f(pZ)_El+6272m+(B BA 2) 2m(A—2)

Factorize the continuum states
of the spectral function:
SP(p1,e1) = Can;n(Pla e)+C pn pn(ph €1)

+ QCgpSpp(pl, 61)

Compare with (e,e’pN) data!
First studies of combined missing
energy and momentum!

Weiss, Korover, Piasetzky, Hen, and
Barnea, arXiv: 1806.10217 (2018)

(p1 + p2)?

“He #ppi#pn [%] with C*/C°=32.691, 5, =100 MeV, potential=N3LO

16
nao ..

08 0.6
e, [GeV] 08 p, [GeVrc]

“He #ppi#pn [%] with C*/C°=19.8542, 55, =100 MeV, potential=AV 18

AV18 W'

04

08 0.6
£, [GeV] 08 p, [Gevic]
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Consistent k- & r-Space Contacts

A k-space r-space
G | Gu® | O’ [ G’ | G [ G’ | Gl Cop”

i 12301 | 0.6920.03 | 0.65:0.03 11614003 0.567-40.004

14.9£0.7 (exp) 0.8+0.2 (exp)
°Li| 10.5+0.1 | 0.53+0.05 0.49+0.03 10.1440.04 0.41540.004
"Li| 106 £0.1 [0.71 £0.06/0.78 £ 0.04[0.44 £ 0.03] 9.0 £ 2.0 [0.6 £ 0.4]0.647 £ 0.004]0.350 £ 0.004
8Be| 13.240.2 | 0.86+0.09 0.7940.07 12.0£0.1 0.603+0.003
°Be| 12.3£0.2 | 0.90£0.10 | 0.840.07 [ 0.69£0.06 | 10.0+3.0 | 0.7+0.7 | 0.65£0.02 | 0.524+0.005
©B|  11.740.2 | 0.8940.09 0.79+0.06 10.740.2 0.57+0.02
12g| 16808 1.440.2 1.340.2 149401 0.83.0.01

18+2 (exp) 1.540.5 (exp)

Weiss, Cruz-Torres, Barnea, Piasetzky and Hen, Phys. Lett. B 780, 211 (2018) 24




Correlation Function

. . . F ( ) PNN, s(r )
Derive Correlation function: NN = uncor ()
PNN +Pauli
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T T
1.2 F
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0.8
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Cruz-Torres and Schmidt et al., arXiv: 1710.07966 (2018) 25
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