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QOutline of this talk

1. Physics intro: SRC + J/y from current data

2. Meeting approval conditions: systematics &
oublications



What are SRCs?

Short-ranged, short-lived, highly High relative and lower
correlated pairs of nucleons center-of-mass momentum

Position-space Momentum-space




SRCs studied with hard breakup reactions
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Results from on electron-scattering
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From electrons to photons




From electrons to photons
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From electrons to photons

Outgoing
Meson

0
Incident .
Photon o _ ‘?“’ Struck
I;I> Nucleon
\“En.

é\) O = GN(Q) X S(pi’ pl’ec) °Corre|ated
/ \ Spectator

Different reactions! Same ground-state?




2021 SRC-CT Experiment

® 10.8 GeV + diamond radiator o forwardcalorimeter
calorimeter -flight
target
® 19 days: 2H, 4He, 12C e
- -

® Standard Hall D setup

V
photon beam N : ' .
\& forward drift

chambers

/ \ p— drift
| electron
electron tagger magnet beam suPem
beam L

diamond
wafer
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First observation of SRCs in photoproduction

“He

Counts
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Data can constrain ab-initio theory at high momentum

Initial Neutron Momentum Recoil Proton Momentum
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A-dependent properties of SRCs also measured

1007

2H(y, p~pp)

¢ : PRL(2018)
p: Nature Physics (2021)
y: SRC-CT (2024)

¢ Ciofi and Simula
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SRCs are also related to medium-modification

0.5

0.4—
EMC : ® Structure functions
0.3 . . (o .
Strength potentially modified in

dR/dx 0'2: SRCs

® Photon beams are
0 sensitive to SRC gluons

SRC Abundance g,

Nature (2019); RMP (2017); IJMPE (2013);
PRC (2012); PRL(2011)
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J/y photoproduction probe nuclear gluons;
Successfully observed in current data

Subthreshold!

Y. Hatta et al, PLB 2020
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Proposed data: Precision measurement of SRCs
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Proposed data: Detailed measurement of nuclear J/y
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PAC51 Report

“(The first) observation of J/@p photoproduction from 4He.”
"High-precision and high-statistics... provide constraints on SRCs in 4He."

"Direct test of the ditfterences between photoproduction on mean-fiela
and SRC nucleons.”
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PAC51 Report

"The proposed SRC experiment will be limited by systematic errors. The

committee feels that publication of the results of E12-19-003 is needed

to allow for more accurate estimates of the systematic uncertainties and
of the beam time request for the high-precision measurement.”
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Published Results: SRC-CT Search for Axion-Like Particles
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- arXiv: 2308.06339 m, [GeV]



https://doi.org/10.1016/j.physletb.2024.138790
https://arxiv.org/abs/2308.06339

Final Results: Nuclear Photoproduction of J/y

Subthreshold!
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® First measurement of semi-inclusive A(y, J/ywp) in
threshold region

® [irst observation of several sub-threshold
A(y,Jlyp) events (>30)!

Note Paper Supplement
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https://drive.google.com/file/d/1ukbwJwVPZ_ieeB8AAGCOEBe05kxR2eFX/view?usp=sharing
https://drive.google.com/file/d/1KHwN1K9AvDxN0ysww8-tMoCJHIs1Ln_X/view
https://drive.google.com/file/d/1mHRHaSbqs-j4eY5k6a7NC4iUNEesbfs2/view

Significant study of systematic uncertainties

on extracted J/y cross section

7-8.2 GeV 8.2-9.5 GeV 9.5-10.6 GeV

Source of Uncertainty D He C D He C D He C

Event Yield - 7.2 6.0 7.7 | 27.1 | 15.1 || 16.1 | 15.8 | 31.6

Stat. - 49% | 47% || 42% | 21% | 34% || 29% | 30% | 33%

Sys: Lumi 1.6% 1.4% 1 2.1%

Sys: Efficiency 0.6% | 1.3% | 1.0% || 1.8% | 1.7% | 1.7% | 2.7% | 2.2% | 2.1%
x| Sys: Fitting - 16% | 11% || 29% | ™% | 8% || 17% | 10% | 5%
x| Sys: Cuts - 22% | 25% || 18% | 12% | 26% | 21% | 15% | 8%

Sys: Bin-Centering 0.5% 1.1% 0.2%

Total Sys. - 28% | 27% || 34% | 14% | 27% || 27% | 18% | 9.5%

Total - 68% | 7T0% | 62% | 33% | 52% | 46% | 44% | 43%

Table 3: Point-to-point uncertainties for the extracted total cross section in bins of beam photon
energy L., compared to the event yields.

*Data-driven systematics: improve with statistics
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Uncertainty treated from several sources

L 12.5
® | uminosity
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Uncertainty treated from several sources

0.20
® | uminosity He
0.15} C .
® Detector acceptance + 9 S ———
L~ Q0 - /‘/‘
efficiency g 01
LI
0.05f
0.00

8 9 10
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*Data-driven systematics: improve with statistics

Uncertainty treated from several sources
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Uncertainty treated from several sources

Total Cut Uncertainty by Cut

. . 25
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*Data-driven systematics: improve with statistics



Differential cross sections also extracted from current
combined-nuclei data
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“First Measurement of Near- and Sub-Threshold
JIy Photoproductlon off Nuclei”

125F ' ' . 100k 4y , 12~
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® First measurement of semi-inclusive A(y, J/wp) cross section
near and below threshold

® Differential cross sections compared with models of nuclear
modification

® Completed review; PRL submission next week

Note Paper Supplement
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https://drive.google.com/file/d/1ukbwJwVPZ_ieeB8AAGCOEBe05kxR2eFX/view?usp=sharing
https://drive.google.com/file/d/1KHwN1K9AvDxN0ysww8-tMoCJHIs1Ln_X/view
https://drive.google.com/file/d/1mHRHaSbqs-j4eY5k6a7NC4iUNEesbfs2/view

Detailed systematic study for J/y production

C12-23-009
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SRC photoproduction has been further studied

Key measurements:

(¥,p D)

and

(¥, P~ PP)
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PID-related Backgrounds

Camal P B Background: yn — p~z'n
ignal Process: yn —
. merp Misidentify zT as proton
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PID-related Backgrounds

Camal P B Background: yn — p~z'n
ignal Process: yn — p~p
. Misidentify zT as proton

n P

Inclusive variables:

e Momentum-transter: 1, = (py —PM)2

® |nvariant mass: WJ@ = (p, + Dn —pM)2 ~ m]%,

tyy »
2my(E, — Eyy)

o OCalingvariable: y,, =
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PID-related Backgrounds

il B B Background: yn — p~z'n
ignal Process: yn —
. merp Misidentify zT as proton

n P

Inclusive variables:
We can assume:

e Momentum-transfer: t,, = (p, — pyy)?
M Py = Pu , Pv = Pgo t Pyr-

® [nvariant mass: W]@ = (p, + Dn — Py~ My OR

Iy 1
2my(E, — Eyy)

e OcCalingvariable: y,, =

pM — pyz"" +pyz'0 +p7z—
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Meson-inclusive observables separate signal and

background

10

-9

20

lant mass

Invar

assuming p

10N

product

3
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Scaling variable assuming 3z production



SRC Backgrounds: Non-resonant 7°z~

Non-resonant 77~ backgrounds 150
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Approach 1: Side-band subtraction



SRC Backgrounds: Non-resonant '

Non-resonant 77~ backgrounds éol 045 6o ot PP “ZZ: - L
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Approach 2: Bin-by-bin fitting



Primary systematic uncertainties are selection cuts and

yield extraction method

150}

1001

Counts

Table 1: Projected sources of point-to-point uncertainty on measured SRC breakup yields in
a typical kinematic bin expecting a yield of 50 SRC breakup events.

Source of Uncertainty

Contribution

Statistical

14%

Background

16%

10%

L —_— Cut-dependence

Yield extraction

15%

Total

28%

"Overall statistical”: 21% —
still statistically-dominatead
with larger dataset
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Statistical precision improved with projected data,

Uncertainty on #pp/#pn

but still dominates over systematic uncertainty
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Pushing to high momentum-transfer

Current, _t > 2 GeV2 T T T T T
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Proposed data will give precision measurement
of SRCs and resolution-dependence

0.5( (v, 0% ~ pp) = 200l
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Proposed data will give constraints on
gluon content of nuclei
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Ground-state interpretation requires
establishing factorization!

Reaction

/

O = Ge,N(Q) X S(pi9prec)

/

Ground-State
S(PiPrec) = ), CE+ | oDy | + 1Py
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Example: PDF Universality

DGLAP
> o

O o
Deep-Inelastic og (0%

Scattering

+ O’-evolution
from DGLAP

VS

T = Universal framework for
Drell-Yan measuring parton structure
! of the proton
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Hall D Experimental Setup

Time-of flighy
Solenoid magnet

Barrel calorimeter

Large-acceptance detector

Solenoidal magnet:
® Good p;resolution

® Poor p, resolution

Time-of-flight allows particle
identification for forward-going
charged particles

Calorimeters allows good
acceptance and reconstruction of
final-state photons
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Missing-momentum resolution in SRC
kinematics is good!

Data-driven resolution Simulated resolution
80— , '
d(y, p~ pp) 07 _— (V.0~pp)
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5 20t
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Analysis on the

Parton in Hadron

Vas

Parton momentum fraction

AR

Nucleon in Nucleus

\Y

Nucleon momentum fraction
E\ — px
N N
) l ay = A

Ey — pi

light-front
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Analysis on the light-front

Parton in Hadron

, Light-front variables mitigate
¢ Parton momentum fraction .
resolution effects
AB

Nucleon in Nucleus
Low-momentum nucleon

. On ~ 1
Nucleon momentum fraction N

E S /
g = AN PN

N—
\y E, — p; \ Standing nucleon pair

A+ ay = apyy ~ 2
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Cross section extracted from binned J/y yield

Yield from dilepton

1.25} | | ! - invariant mass fit
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1072 ¢

Total cross sections extracted as a
function of energy

---- SRC
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2021 SRC-CT Data

Days of Beam (I;:n:i:oﬁs;t\),()
Deuterium 4 18.0 nucleus - pb-1
Helium-4 10 16.7 nucleus - pb-1
Carbon-12 14 8.6 nucleus - pb-1

52



Comparison to PrimEx Il Luminosity

® |ncrease in total beam time of 2.5:
55 x 0.7 = 100 PAC days
® |ncrease in photon flux by 3:

200 nA x TE-4 Xo = 150 nA x 4E-4 X

® Additional increase in photon
energy <8 GeV by coherent
diamond peak

PrimEx / PR12-23-009
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