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 Nucleon pairs that are close together in the nucleus
e high relative and lower c.m. momentum compared
to the Fermi momentum Ke




Necessary piece for a full description
of nuclear systems and processes

NN interactions & High-density Nuclear processes
QCD in nuclei systems (e.g. OvB3B decay)




_SRCs in Diferent scales

Many-Body Systems

Few-Body Systems &
NN interactions

Nucleon Sub-Structure
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 Far more np pairs than pp pairs
o Similar in all nuclel
—> np-dominance




np-Dominance from Tensor Force
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Mapping out NN interaction
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Cruz Torres et al, PRL124, 212501
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This work (Q® ~2 GeV?, x> 1):
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- —e— CK+CC1

e Excellent test of state-of-art calculations of A = 3 system
all A Tritium program

First results from the
How to do better?
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Hen et aI arxiv: 2009 03413

e 6.0 GeV beam

e 2H, 3H and SHe targets
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_ C/D DIS Cross Section Ratios
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EI\/IC Effect iIncreases with Nuclear S|ze
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B. Schmookler et al. (CLAS collaboration), Nature 566, 354 (2019)

1-1‘I T 12IC/Z;Z) - I“I - 27'AI/'ZD. o l‘

1__[';}[}'] @{M ]

al of..

c4/A s} | _
op/2 1-1-: -~ 56‘Fe/12D. — l--l -~ 20:8PI;/2I5 B l-
1;@} 1 + _'

s} M}D \.\"\_ ;

oal 1 i




Correlation

Weinstein et al., PRL 106, 052301 (2011), Schmookler et al., Nature 566, 354 (2019),
Hen et al., Rev. Mod. Phys. 89, 045002 (2017) Segarra et al., PRL 124, 092002 (2020)
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* Are high-momentum nucleons responsible for the EMC effect?




“"Backward*
Recoil
Nucleon

Fragments of
struck nucleon

e "Tag" interacting nucleon by measuring recoil spectator
 Measure dependence of bound nucleon structure function on
nucleon momentum
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~Tagged DIS at Jefferson Lab

Hall B:
CLAS 12 + Backward Angle
Neutron Detector (BAND)

CLAS12

Scattered
Electron

/ /Jet from
y // struck quark

* Took data in 2019/20
* Analysis In progress

e




___lagged IS at Jefferson 1.ab

Hall B: Hall C:
CLAS 12 + Backward Angle SHMS/HMS + Large
Neutron Detector (BAND) Angle Detector (LAD)
CLAS12 LAD &~
Scattered ) /Recoil
Electron ~_ proton —_— S\’\N\S s;aeztter;end

LD2

4

.
y Z)// struck quark

* Took data in 2019/20 * Experiment ready

/ Deuterium Q
Jet from *\ H MS

jet from
struck quark

* Analysis in progress * Run in 20227
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D(e,e’n)X CLAS12 spectrometer
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140 scintillator bars

* 5 layers (36cm total thickness)
* veto layer (1cm thick)

e time resolution < 250 ps

3 meters upstream of target,
coverage in B ~ 155-176°

Lead wall (downstream)

Laser system for calibrations
[Denniston et al., NIM A973 (2020)]




E. Segarra et al, NIM A978, 164356 (2020)
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Tagged DIS in Hall C
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LAD - Refurbished A6 Scintillators

 4m long, 5 panels, 55 bars
e 5-6m away from the target
e coverage 90 - 157 degree
e ~200ps time resolution
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[Tu et aI arX|v 2005 14706])

Tagged SRC at E\C (JLab LDRD19)

. Fea8|b|l|ty of tagged SRC in DIS
* Rates
* Detector requirements (focus on forward direction)
* Optimal beam energies

* [ools
» BeAGLE - eA event generator
» GCF - SRC event generator
» g4de - Geant4 simulation for EIC

* First step achieved - Tagged Quasi-elastic SRC@EIC

(also incoherent diffractive J/y production on deuterium

28
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MC truth
Accepted
Accepted +
Smeared
0 02 04 06 08 1 12 14 16 18 2 F v . Y Y T R TN S N T N
pire [GeV] pirr [GeV] plots by A. Jentsch

* Accepted in QE kinematics
* /4% protons
* 84% neutrons
e Similar values expected for DIS
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Measurement of recoil nucleons (" backward”) crucial

(e'Np) and (e'pN) experiments
* direct observation of np-dominance

* mapping out NN interaction
¢ 3N-SRCs@RGM

Tagged DIS measurements on deuterium

e Fop with CLAS12+BAND
* Fonin Hall C with LAD

Recoll tagging o

" SRCs at EIC
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Bound F,/ Free F,

X - Expected Results
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| Protons speed up mNeutroanh Nuclel

Duer et al. (CLAS collaboration), Nature 560, 617 (2018)
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* Minority nucleons taster than majority
* |mportant for neutron stars




np-dominance in Single Nucleon Knockout

Duer et al. (CLAS collaboration), Nature 560, 617 (2018)
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E. Cohen et al.(CLAS collaboration), PRL (2018)
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S. Kulagin and R. Petty, PRC 82, 054614 (2010)
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SRC EMC Model and Umversa\ function
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B Schmookler et aI Nature 566 354 (2019)

e Data driven approach
* Modification of F2 by np-SRC pairs (neglect nn and pp pairs)

Fy'= ZF?+NFy +n{p(AFP + AFY)
Bound = "Quasi-free“ + Modified SRC
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SRC-EMC Model and Umversa\ funchon (2)

—

B Schmookler et aI Nature 566 354 (2019)

e Data driven approach
* Modification of F2 by np-SRC pairs (neglect nn and pp pairs)

F;
Bound

= "Quasi-free” + Modified SRC

ZF? + NF}  +ng (AFY + AFY)

F! not well constrained but solve by

d _ n d n
. Fy =F)+ F) + ng (AF) + AFY)

2

_ A d
.« Uy = NnSRC/ Nerc
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-MC Model and Universal funchon (3)

B. Schmookler et al.. Nature 566, 354 (2019
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Tagged DIs: What will be measured

 Measuring cross section ratios to minimize uncertainties

* Choose kinematics with minimal FSI 6, > 107°

' 2
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f 2
. 05;5 (xl()w’ QZ)

- Rpg;
Op5e(Xhigh» OF)

measurement

« x =x for moving nucleon = Q*/(2p - q)

® xllligh > 045

theory

» no EMC effect at 0.25 < x,,,, < 0.35

bound, . 2
7P (xhigh’ Of, ay)

F3¢(Xhigh, OF)
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E. Segarra, et al, NIM A978, 164356 (2020)
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Calibrating ADC to MeVee

(MeVee = I\/IeV Electron Equwalent)
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E. Segarra et al, NIM A978 (2020)
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DEEPS showed little FSI at back angles.

Anti-Parallel Transverse

0, > 107° 737 < B, < 107°

10° counts 2 _

03 04 05 06 0.7 03 04 05 0.6 0.7
P, (GeV/c) P, (GeVic)

Klimenko et al., PRC 73 035212 (2006)
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Adding Neutrons

Adding Protons
Ca40 » Ca48

[20P, 20N] [20P, 28N] N (e,e") inclusive

e Pairing from different orbits

(9] 48Ca/G4OCa
(@)
|
e
T
I

« Asymmetry dependence RETR
o Separate pairing probabilities L -
* Run in HallC in 2021 oS 20 es T a0

D. Nguyen et al., paper in preparation
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GLE for different reactions

GCF-QE GCF-DIS

€ €

e e
> >
Wl jet

* Recoil and A-2 distributions independent on photon interaction
—> GCF-QE to learn about recoil tagging

i - = — — = ===




Cnd BeAGLE

. GCF DIS in development

 GCF-Quasielastic (QE) implemented
* (A-2)-system handled by BeAGLE's DPMJET3+FLUKA

Optional (BeAGLE)
o S|

_________ } * I[ntranuclear
/\"_ 'l cascading
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QE Resu\ts fore C 10x41GeV/nuc\ecn

No crossing angle, no intra-nuclear cascadlng, no FSI, QE cuts: xg > 1, Q2 > 3 GeV?

x10~° x10~°
2 B 2 C
S i . S 0.1 .
> | Recoil Leadi > - Recoll
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* |Leading and recoll nucleons well separated
Similar for neutrons and protons

—> (Geant detector simulations
—> Study of acceptances and rescluhcns




