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Experiment and Detector GLue)wa

Hall D at Jefterson Lab
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https://doi.org/10.1016/j.nima.2020.164807
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Recent Publications
J/p production yp — J/pp (J/@p — e+e-)

25% of data, 167 citations full GlueX-I data, 8 C|tat|ons,202’3>

EDITORS' SUGGESTIﬁ

First Measurement of Near-Threshold J /v Exclusive Pho £l 9" _&4*’ Measul 5 ) \“\g b
Proton = photoprd\ .:j:j:j:t‘ CroSs _w:j‘T_i n ove
t : _ . ‘
A. Ali et al. (GlueX Collaboration) s the full near-threshold kinematic
Phys. Rev. Lett. 123, 072001 (2019) — Published 13 August 2019 °10°
—— GlueX reglion
‘ [ sze::me New results from the GlueX experiment provide improved
1078785 9 95 10 oS cross sections for the photoproduction from the proton of

J /¥ mesons via the v + p — J /¢ + p reaction. Such
mesons have charm/anti-charm heavy-quark content.
Measurements of this reaction near the kinematic threshold
can help constrain aspects of the density distribution of
gluons in the proton and how they contribute to the proton
New results from the GlueX collaboration probe the gluonic structure of the proton. mass, under the assumption that .J /¢ production proceeds
primarily through the exchange of gluons with the proton.
However, these new measurements suggest contributions in

 Measurement of Spin-Density Matrix Elements in p(770) Production addition to gluon exchange, pointing to the need for further
with a Linearly Polarized Photon Beam at Ey=8.2-8.8GeV theoretical work and more precise experimental

« Measurement of Spin Density Matrix Elements in A(1520) measurements.
Photoproduction at 8.2 GeV to 8.8 GeV S. Adhikari et al. (GLUEX Collaboration)

« Search for photoproduction of axion-like particles at GlueX Phys. Rev. C 108, 025201 (2023)

« Measurement of beam asymmetry for T-A++ photoproduction on the
proton at Ey=8.5 GeV
« Measurement of the Beam Asymmetry iny p -> K+20 at Ey = 8.5 GeV
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https://doi.org/10.1103/PhysRevLett.123.072001
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.108.025201
https://arxiv.org/abs/2305.09047
https://arxiv.org/abs/2305.09047
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.035201
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.035201
https://doi.org/10.1103/PhysRevD.105.052007
https://link.aps.org/doi/10.1103/PhysRevC.103.L022201
https://link.aps.org/doi/10.1103/PhysRevC.103.L022201
https://doi.org/10.1103/PhysRevC.101.065206

GDH Sum Rule

Spin-dependent photoproduction cross-sections

oo | dv  4x%Sarc?. anomalous
(63/2 . 01/2)_ — magnetic moment
2
) % M
" T T
Photon energy Mass

Fundamental prediction of Quantum Field Theory. Applicable to any type of
target.

Links the anomalous magnetic moment kK of a particle to its helicity-dependent
photoproduction cross-sections

Conditions for the sum rule to be valid:
Spin-dependent forward Compton amplitude f,(v) must vanish at large v (no-
subtraction hypothesis).
Imaginary part of /5, (6% — 61"%) must decrease with v faster than ~ 1/In(v)
(for the integral to converge).

Experimentally verified on the proton to ~10% but not yet for the neutron.
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Photoproduction

Unpolarized version of GDH integral

resonance region
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Helicity dependent photoabsorption

Existing data from MAMI and ELSA. Partial contributions from LEGS and CLAS.
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Threshold and high energy regions cannot be measured,
need models like MAID/SAID and Regge phenomenology.
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Contributions below 0.2 GeV: ~ — 28 ub (proton), ~ — 41 ub (neutron)

Unmeasured part estimated using

Regge model. Significant uncertainty. Has not converged yet
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Regge Phenominology

Regge theory at high v: Ac(v) « (v + M/2)%~!
a, is Regge intercept

Isovector part: Ac” ™" = Ac” — Ao”
determined by a,(1260)

Isoscaler part: Ac”t" = Ac? + Ac"
determined by f,(1285)

Isospin
v

—1
GP_UA:I‘CISaal +C2S

Isovector Isoscaler

Value of ¢, unknown and assumed zero in some analyses since existing
polarization measurements on deuteron in diffractive regime consistent with 0.
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Regge Phenominology
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https://www.sciencedirect.com/science/article/pii/S014664100500102X

Violation of the Sum Rule

Any failure of the sum rule will happen at high energy:

Unknown high energy phenomena
eg quark substructure (quark anomalous magnetic moment)

J=1 pole of the nucleon Compton amplitude
Chiral anomaly (anomalous non-conservation of a chiral current)

other, more exotic possibilities heave been proposed
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REGGE Real Gamma GDH Experiment

JLab Experiment E12-20-011

Measure the high energy behavior of Ao(v)

Verify convergence of integral
Ao(v) must decrease faster than 1/log v

L =

[°° Aoc(v) ; A’ Sax?
U M?2

Test validity of sum rule for
neutron (first time)
proton improve by 25% relative

Ly

Improve sensitivity to physics that would cause a real (or apparent v # o)
violation

Failure of sum rule would occur at high energy

Stringent test of Regge theory. Resolve discrepancy in Regge parameter
determination

Proton and neutron will allow isospin decomposition
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https://doi.org/10.48550/arXiv.2008.11059

Experiment Details

1 Circularly polarized tagged photon beam
Generated by electrons from CEBAF with Pe = 80% on amorphous radiator Increasing Pe at
large v compensates the decrease in bremsstrahlung flux

2 Longitudinally polarized target:

Dynamical nuclear polarization on butanol (C4H90H), p and d polarizations up to 90 %
Desired sustainable flux: = 108/s or more

Dilution (and other unpolarized backgrounds) cancel:

(N* + NO) — (N~ + NO) = N* — N-

3 Large solid angle detector
FCal, BCal: 0.4 deg to 145 deg polar coverage, 21 azimuthal coverage
Unpolarized XS = 120 ub gives DAQ rate = 33 kHz on H-butanol, = 40 kHz on D-butanol +

target window + EM backgrounds

Note: solely to establish the fall-off of Ao(v)/v the v-independent normalization
factors (beam flux, target density, solid angle, target and beam polarization,
detection efficiencies) are irrelevant
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B e a m Photon Tagger Pair Spectrometer
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Target

A new polarized target for Hall D

Dynamic Nuclear Polarization (Continuously polarize target in place)
on butanol (C,H,OH), p and d polarizations up to 90 %

Requires high (2.5 T) and very uniform (300 ppm) magnetic field
Requires very low temperatures (300 mK)

Requires paramagnetic impurities at about 10~ level

At 300 mK and 2.5 T, unpaired electrons are polarized >99.9%

Microwaves induce spin-flip
transitions transferring
polarization to the nuclear spins.

Currently region has field ~1.60
to~1.65T.

Superconducting coils installed in
target will raise field to 2.5 T and
make it more homogenous.

Bz (T)

Hall D solenoid field map
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Signal and Background

Using a trigger which requires a high
energy deposited in the calorimeters

Egcar + 2Ezca; > 1 GeV

but cuts out very small angles, first 3
blocks of FCAL 6 = 2°
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S

ignal and Background
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Data Acquisition has limit of ~80 kHz.
Backgrounds eat up a half of this rate.
Bethe Heitler has cross section of 12-15 mb.
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Projected Results (Proton)

Projection using «, =0.412, a, = —0.629

OP'GA (Mb)

| Hall D, 4 days of 4 GeV beam
| Hall D, 7 days of 12 GeV beam
O ELSA

i ln '\..... -l

45 [l ‘ gl ARA i
i | |||| I ‘.“-.- il
5.5
- 1
12 0T 4 6 8 10 12
v (GeV) v (GeV)

Shape measurement to ~1%, absolute cross sections to ~5%
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Projected Results (Deuteron)

]]ll | Hall D, 5.7 days of 4 GeV beam
I

| Hall D, 10 days of 12 GeV beam

10 -
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Projected Results (Neutron)
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Based on the subtraction Ao, = Ac,/(1 — 1.5w,) — Ao,
with @, = 5.6 % the probability to be in a D-state
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Interpretation of REGGE data
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Spin-dependent Compton Amplitude

€
) (fz(e)) = S—AG Directly measure imaginary part of the amplitude

T
v [T S (fr(e)
Access real part by dispersion relation R (fz(e)) = —P 2< = 2)
T ), E4 — U

de

Extend existing data by factor of 6 in energy

Study Compton scattering without doing a
dedicated Compton scattering experiment

)
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Noticeable difference between data and
NNLO xEFT calculation at ~0.25 GeV.
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Spin-dependent Compton Amplitude

Since unpolarized amplitude f; is well measured

Can determine cross section and beam-target asymmetry in forward limit.
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22Z —
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Expand analysis to neutron and
deuteron

Describing spin observables from
JLab low-Q2 has been a challenge
for xEFT. Data in a different regime
IS valuable.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.034043
https://doi.org/10.1088/1361-6633/ab0b8f

Transition to diffractive regime

Explore transition between pol

arized DIS and diffraction regimes

hard scattering decreasing Q2 soft, P or R
e

— A 4 /AV‘Q

e_ %k
/L‘LQ
-
g
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o //WAQSBBBBRS:%

P (unpolarized)
' or

. R (polarized)

—

Diquark picture of low-x ep scattering. Coherence length x~ M1

Pomeron [P: unpolarized diffractive scattering

Reggeon R: doubly polarized diffract

Ive scattering (will be measured at EIC)

Will provide Q2 = ( baseline for these transition studies.
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Exotic Spectroscopy

Speculative potential new application
The ; — nx so we are interested in yp — nz~ AT in GlueX.

There are 8 transitions between N and A.

If we can eliminate some of them that <——, + ) > <—— - 4= +_>
would help the amplitude analysis.

We can study the reaction yp — 7~ A* to study the A™" Spin Density Matrix

Elements in a simple final state with more statistics, even study yp — nr~ AT
directly.

What will be common or transferable from one reaction to others?

How precisely would we need to know these double asymmetries to be useful
in the understanding the yp — nz~A™™ reaction?
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Modification of bound nucleons

A nucleon in the nuclear medium will be modified
modification of both sides of the GDH sum rule
for the nucleon in the nucleus

Static Side
. 2 2
Quark Meson Coupling (QMC) model KE(pp) K
. Y N0 N ~ 13
predicts modification of mass and M (po) Y ~ L.
. N
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https://doi.org/10.1103/PhysRevC.51.2757
https://doi.org/10.1103/PhysRevC.51.2757

Nuclear spectrum

No data on Ao exists for A>3

photo excitation of nucleus  photoproduction of hadrons
properties of nucleus Y properties of nucleon |

80}
| Conventional splitting of cross section |

mprod. threshold

- A resonance

photodisinteq. !
regime

102 100

negative

example for 7Li
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Modification of bound nucleons
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Short Range Correlated np pairs

Experiment E12-14-001 approved to study polarized EMC effect on L

mean field model predict a significant effect
SRC pairs might produce no effect if they are depolarized

Assume 100% polarized valence nucleon in S-wave with another
nucleon

pair in nucleus are not required to be spin oriented same direction
could be aJ, = 0 or J, = 1 combination

SRC interacts through tensor interaction which preserves J,
Apply Clebsch-Gordan coefficients for orbital angular momentum L = 2

Valence nucleon polarization changes sign but is only about -10 to -15%.
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https://doi.org/10.1142/S0218301318400013

Deuteron Spin Structure

Required for using the deuteron as a polarized neutron target.

1.5 LENEL L L R L L L B
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https://doi.org/10.1016/j.physletb.2019.135035
https://doi.org/10.1103/PhysRevLett.88.102302
https://doi.org/10.1103/PhysRevLett.119.182501

Summary

A polarized target in Hall D would allow studying the GDH sum rule on the
proton and the neutron.

Convergence of the integral directly tested
Sum rule validity for neutron tested for the first time
Proton uncertainty decreased by 25%

Test Regge phenomenology in polarized domain - as and aa1 at 2% level (present
uncertainties: 50%)

Help determine the real and imaginary parts of the spin-dependent Compton amplitude

The experiment is relatively easy extension of the GlueX program which
requires a new polarized target.

We are exploring ideas to expand the program into both nuclear physics and
spectroscopy.

We welcome new collaborators.
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