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Two nucleons are in a Short-Range Correlated
(SRC) pair when:

* 2 nucleons overlap

* Large relative momentum compared to the
Fermi-momentum

* Force between the nucleons is stronger
than the interactions between the rest of
the nucleus
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-rom previous SRC experiments we have
earned:

* SRCs are found in all nuclei

 10-20% of nucleons are in G _’ O
SRC paIrS —— = S;l:ttt;(r::*

Incident
electron

* SRCs have high relative
momentum (compared to
Fermi momentum)

* 90% of SRC pairs are
neutron-proton (np) pairs

* Np-dominance
Correlated partner
proton or neutron

Knocked-out
proton




Outgoing Electron

A primary concern of electron Momenturm
scattering experiments are Final
State Interactions (FSls).

Incoming Electron Momentum

Lead nucleon

Recoil nucleon
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Different SRC experiments isolate different
K<Inematic regions.
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Different SRC experiments isolate different
K<Inematic regions.

Electron Probe: Real Photon Probe:
Anti-Parallel Kinematics Parallel Kinematics
0
Outgoing Electron P
Momentum

Missing momentum Missing momentum

Lead nucleon

Incoming Electron

Momentum

Recoil nucleon Lead nucleon

Recoil nucleon
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Jsing different reaction mechanisms, photons
orovide a new perspective to SRC experiments.
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SRC @ GlueX: Experimental Details



SRC @ GlueX: Experimental Details

e November - December 2021

Liquid Helium 4 10
* 43 days o ,
. Liquid Deuterium 4
e Collaboration at GW, MIT, Duke, o
Carbon Multi-Foil 14

MSU, Tel Aviv, ODU, and JLab




This experiment looked at a number of

reaction channels.

p reactions n reactions
vp — Top Yn — TP
yp — T ATT | yn— w AT
Yp — p°p Yn — p=p
vp — KA yn — KOA
vp = KT¥0 | yn —» KO

YD — Wp yn — KTX~

Yp — ¢p

yn — K~XT
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This experiment looked at a number of
reaction channels.

y+p-p’+p-ont+n+p
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Using the p°reaction channel, | want to
answer these question:

y+p-p’+p-ont+n+p
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Using the p°reaction channel, | want to
answer these question:

y+p-p’+p-ont+n+p

1. Can np-dominance be verified with
~ photon scattering?
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Using the p°reaction channel, | want to

answer these question:

y+p-p’+p-ont+n+p

. Can np-dominance be verified with

photon scattering?

. Can photoproduction confirm the

abundances of SRC pairs?
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Measuring p° in GlueX:
y+p-p’+p-ont4+n+p



Measuring p° in GlueX:
y+p->p°+p-ont+n +p

Cm
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The p? meson is a great channel for my

analysis goals.

* High Cross Section
* Vector Meson Dominance

I =17
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N. Santiesteban. Fall 2021
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The p? meson is a great channel for my

analysis goals.

* High Cross Section
* Vector Meson Dominance

I =17

 Always decays intow* and ™
« pYlifetime: ~4.5x10724 s

He(y, " m~p)

hi
1400/~ Entries 34262
" Mean 0.8725
1200 \ Std Dev 0.1966
E 0
1000/— p
800 —
600+
400—
200
—-1111 1111111L llllll llllll llllllll lllllllllLl
8.5 0.6 0.7 0.8 0.9 1 11 1.2 1.3 1.4 1.5

M(ztn7)[GeV]

N. Santiesteban. Fall 2021 oe



The p? meson is a great channel for my

analysis goals.

* High Cross Section
* Vector Meson Dominance

I =17

 Always decays intow* and ™
« pYlifetime: ~4.5x10724 s

* |dentified by invariant mass
« pY mass: 0.775 GeV/c?

He(y, " m~p)
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Generalized Contact Formalism (GCF)
Scale separated approach to Short-Range Correlations
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Pair CM motion
@ Pair relative motion
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GCF and Electron Scattering Experiments
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GCF Predictions of np-pair dominance using
p- photoproduction.
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GCF Predictions of pp-pair to np-pair
abundances using p° photoproduction.
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ln summary,

Electron scattering experiments have taught us about SRC pairs.
Those experiments have assumptions we need to test.

A photon beam can help us test our understanding of SRC pairs.
Data was collected in Fall 2021.
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GlueX: Glossy Schematic

barrel time-of
calorimeter -flight

start
counter

target

photon beam

diamond forward drif
wafer chambers
central drift
chamber
gy superconductin
T tagger magnet beam P magivet 9
beam tagger to detector distance

icnot tn <rale

GlueX Collaboration, et al. First Results from The GlueX Experiment. Dec. 2015. ResearchGate, doi:10.1063/1.4949369.

33


https://doi.org/10.1063/1.4949369

We have used 3 kinds of electron scattering
experiments to study SRCs.

i — Scattered
Incident electron
electron

Knocked-out

proton
Correlated partner
proton or neutron
R. Subedi, R. Shneor, P. Monaghan, B.D. Anderson, K. Aniol, J. Annand et al., -4

Probing cold dense nuclear matter, Science 320 (2008) 1476.



We have used 3 kinds of electron scattering
experiments to study SRCs.

* Inclusive
* Semi-inclusive
* Exclusive
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Inclusive Measurements
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Semi-inclusive Measurements

Pmiss= pp - (pe'pe’)

Pmiss »
Missing
momentum

g= Pe-Pe’
Momentum
Transferred

from electron

P, ,Struck nucleon
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Probing cold dense nuclear matter, Science 320 (2008) 1476.



Semi-inclusive Measurements
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C. Yero, D. Abrams, Z. Ahmed, A. Ahmidouch, B. Aljawrneh, S. Alsalmi et al.,
Probing the Deuteron at Very Large Internal Momenta, Physical Review Letters 125

(2020) [2008.08058].
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Semi-inclusive Measurements

Ong = 35 + 5°
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Probing the Deuteron at Very Large Internal Momenta, Physical Review Letters 125

(2020) [2008.08058].
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Semi-inclusive Measurements
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Semi-inclusive Measurements
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Semi-inclusive Measurements
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Exclusive Measurements
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Almost everything we have learned comes from

electron scattering in a narrow range of

kinematics.
e FS|

* Any distribution of momentum from the hit nuclei that messing with missing
momentum

* small wedge of anti-parallel kinematics.

* Try to see same thing with different probe, final state, kinematics, etc.



Different SRC experiments isolate different
K<Inematic regions.

Electron Probe: Real Photon Probe:
Anti-Parallel Kinematics Parallel Kinematics
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Using the p°reaction channel, | want to
answer these question:

p reactions n reactions

Yo —Tp | yn—= TP
1. Can np-dominance be verified yp = - ATT | yn = 7T AT
with photon scattering? AQp—p’p>| yn—=pp

vp — KA yn — KOA
vp = KT¥0 | yn —» KO
Yp — wWp yn — KTX~
Yp—=+¢p | yn— KX

2. Can photoproduction confirm the
abundances of SRC pairs?




Some properties about the p® meson:

e Quantum Numbers:]goc =1""

* Quark content: \/% [utt —dd]

* Mean Lifetime: ~4.5x107%% s
e Mass: 0.775 GeV/c?
e Decay: p? -t + 1"
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There are a number of steps we have to take
to be able to analyze the data.



There are a number of steps we have to take
to be able to analyze the data.

e Calibration

BCAL time offset (202111_mon_ver03)
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There are a number of steps we have to take
to be able to analyze the data.

e Calibration
 Reconstruction




There are a number of steps we have to take
to be able to analyze the data.

e Calibration

* Reconstruction ’g I103‘§
e Event Selection E C
* Particle ID 3 310
e Fiducial Volume S f
* Recoil Acceptance 10
* Background
1

3
Momentum (GeV/c)

S. Adhikari, C.S. Akondi, H. Al Ghoul, A. Ali, M. Amaryan, E.G. Anassontzis et al.,
The GLUEX beamline and detector, Nuclear Instruments and Methods in Physics

Research, Section A: Accelerators, Spectrometers, Detectors and Associated Equipment

987 (2021) 1 [2005.14272]. 22



There are a number of steps we have to take
to be able to analyze the data.

* Calibration He(y, n "~ p) .
. 1400 Entries 34262
* Reconstruction B o o725
* Event Selection moo:_ \po
* Particle ID ;

e Fiducial Volume

* Recoil Acceptance :
* Background r
o 200
* Analysis : |
R NN FEEEE NS SRS RS N NS NS N
° Np_pair dominance 85 06 07 08 09 1 11 12 13 14 15
* Abundance of SRC pairs M(z*n™)[GeV]

* Comparison to Theory

N. Santiesteban. Fall 2021



Generalized Contact Formalism
Scale separated approach to Short-Range Correlations

Pair abundances

From inclusive scattering or
VMC

Pair CM motion
From experiment and theory

Pair relative motion

NN-interaction model: AV18/ N2LO
That is where we need input.
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GCF and Previous SRC Experiments

List of papers:
* Duer PRL 2019

e Schmidt Nature 2020
* Pybus PLB 2020

* Korover PLB 2021
e Weiss PRC 2021
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e Patsyuk Nature Physics 2021
* In preparation:

* Wright arxiv 2021

* Korover Science 2022
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GCF
PP

Predictions of np-pair dominance using
notoproduction.
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ln summary,

* Electron scattering experiments have taught us about SRC pairs.
* Those experiments have assumptions we need to test.

* A photon beam can help us test our understanding of SRC pairs.
* Data was collected in Fall 2021.

| plan to graduate in 2025.
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Jsing different reaction mechanisms, photons
orovide a new perspective to SRC experiments.

* Using parallel kinematics Real Photon Probe:
Parallel Kinematics

Missing momentum

Lead nucleon
Recoil nucleon



Jsing different reaction mechanisms, photons
orovide a new perspective to SRC experiments.

* Using parallel kinematics Real Photon Probe:
« Different final states Parallel Kinematics

Missing momentum

Lead nucleon
Recoil nucleon



Jsing different reaction mechanisms, photons
orovide a new perspective to SRC experiments.

* Using parallel kinematics Real Photon Probe:
* Different final states Paralle| Kinematics
* New probe interaction P
y Missing momentum

Lead nucleon
Recoil nucleon
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Uncertainties with e probes:

Isobaric Configuration  Meson Exchange Currents
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GlueX detector: A real photon beam
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Plans and Considerations for Analysis

e Calibration
e Fiducial volume of detector
e Particle ID

* Recoil Acceptance

* Background £ 18 10°g
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do/dt [nb/(GeV/c)?]

What I've already done
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SRC @ GlueX: Experimental Details

* November - December 2021 P reactl%ns n reactions
Yp— TP Yn— TP
* 45 days Yp = AT | yn— T AT
* Collaboration at GW, MIT, Duke, Ap—=pPp> | yn—pp
MSU, Tel Aviv, ODU, JLab Yp — KTA Yyn — KON
Target Days on Luminosity Triggers Yp — K +ZO Yn — K OZO
Beam (Ey > 7GeV) (Billions) Yp — Wp yn — K-|—Z—
H:II(IZ]LlIJrIr(]j4 16.1 pb- 29.5 ’Yp — ¢p ’Yn N K_Z+
Liquid 4 6.9 pb-? 16.4 : :
Deuterium
Carbon 14 17.1 pb! 46.7

Multi-Foil
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Methods

rypop’pon ntp
cypo>ATTTT ot pnT

e Simulated 100M events with a Helium target using GCF generator
* Resampled 100K
* |[t] and |u| > 2GeV

* Not run through Geant4 yet
* No smearing or inefficiency
 Comparing kinematics at the generator level.
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Mass of the PipProt

Dalitz Plot
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Dalitz Plot
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Mass of the PipProt
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