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Hall D Beam Opportunity 2026

The accelerator 1s scheduled to run at 690 MeV per pass 1in 2026 for 55 calendar days.
This would allow a 3833 MeV beam in Hall D with relatively modest additional effort.
(photon beam in the range 956 MeV to 3764 MeV)
We propose to:
e investigate N(1685) using polarization observables for K gA
o weak-decay constant for a_ for A — pa~
e measure differential cross sections and perform isospin separation of strong
production amplitudes in the transition between resonance and Regge regions
Emphasis on the lowest energy region for both rate and linear polarization.
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Baryon Resonances from Neutrons
Photon energy [GeV]
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Measurements off neutrons are essential for an
1sospin decomposition of resonances.
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What about N(1685)?

15 |

Observation of a narrow peak in cross section data of = 10| ol L LS
yn — nn at W = 1685 MeV with I' =~ 30 MeV by EN i wiev;
GRAAL, CBELSA/TAPS, A2, Tohoku group at LNS |

o(np), free proton
B o(np), quasi-free proton
® 3/26(nn), quasi-free neutron

Possible explanations:

e}
' @ 0' ’¢Q . ¢+
i .:h.aa.qiqg

Jaegle et al.

. Eur.Phys.J.A47 o
e Interference term between partial waves? (2011) 89

Eur. Phys. J. A 51.6 (2015), p. 72,
Phys. Rev. C 78 (2008), p. 065201

ol
‘e

2200

* Opening of a strangeness channel? a f
Phys. Lett. B 683 (2010), pp. 145-149 =200

e Coupled channel effects? °
Phys. Lett. B 650 (2007), pp. 172—178

e A narrow resonance? Helicity separated:
Phys. Lett. B 636 (2006), pp. 253-258 Circular beam,
Eur. Phys. J. A 32 (2007), pp. 311=319 longitudinal target

Phys. Rev. D 99.7 (2019), p. 074010

A true resonant structure 1s

expected to decay to KA L. Witthauer et al.,
Phys.Rev.Lett. 117.13 1500 1600 1700 1800 1900
(2016) 132502 W [MeV]
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How to investigate the nature of this narrow peak?

Predicted to have strong couplin
0 A 9. - L g coupling
Why KYA?: accessible from yn initial state Br(N(1685) — KOA)

only 1sospin-% resonances contribute = 0.6
Br(N(1685) — nn)
Suh et al. Phys. Rev. D 99.7 (2019)
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0s [ \], Ny 1 Kim et al., Phys. Lett.
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Kim et al.: improved description of differential cross sections when including narrow
resonance in cross section.

BnGa: model with interference between N(1535) and N(1650)

Either way, cross section 1s small.
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Polarization observables

Polarization observables sensitive to interference of amplitudes
enhances sensitivity to small signals

vd — K°A(p) off a liquid deuterium target

Linearly and circularly polarized beam
Self-analyzing decay of A
7 independent polarization observables accessible

Beam Target Recoil
-1 - - -1 2 o 72 d
: o dog
- r Yy =z - - - — = — [1 — Hinz cos 2P
dt dt
unpolarized | oy T P + a_ cos 0, (—PlinOx/ sin 2P — PcircCa:’)

— a_ co8 0, (—P + PjinT cos 29P)
— a_ co8 0,/ (Pin0, sin2® + P C,/)]

linearly pol. | X1 H P G| Oy, T O.

circularly pol. ‘ ‘ F E | Cu Cr
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Extraction of the final state

Full ssimulation and reconstruction done with validated GlueX tools.

e Reconstruct yd — K?A(p) with Kg - rtn”
and A — pr~
e Proton i1dentified using missing mass
Pmissing = Py + Py (sz + p/\)
e Background from K 2. with missing photon from

Participant-Spectator Model:
Fermi momentum of same size but
opposite direction for p and n
Proton remains unaffected after the
Interaction — spectator

2 decay (~3%)
240 . .
- Missing momentum well reconstructed
2001 H Signal
200 # Background 1
n Sum
180 a —D
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140 ‘ =
- cu
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- 2
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- O
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20F- ,% TN ,q e
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Final State Interaction effects

Examples of possible interactions from proton

Control missing momentum

FSIs are small for low missing momentum

Ey = 1.1 GeV

0.16

0.14 } A pN = 100 MeV/c
012 N yn — K°A
g_ 0.1 \\\—]/d — KAp|
% 0.08 | |

0.06 |

0.04 t A eepp—

0.02 ‘ ’ '

0 45 90 135
Ok [deg]

A. Salam et al., Phys. Rev. C74 (2006), p. 044004
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— FSI effects can be largely controlled!
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Projected uncertainties

do doyg
= =291 — B, Y cos 20
o B 2 = gy L~ PimXicos
Good statistical precision and full CM coverage. + a_ €080y (—PjinOy sin 2® — P Cyr)
Will be very constraining to models. — a_ cos0, (—P + PinT cos2®)
— Y in

— a_ c08 0,/ (Pjn0, sin 2@ + P C,1)]

BnGa-2019
04| Kimetal. (with res.)
-0.6F | —— Kim et al. (without res.)
0.8 ¥ GlueX projection

lllllLlllllllllllll
-1 -05 0 0.5 1

I
Conservative systematic uncertainty:

e Potential FSI contributions (5%)
e Beam polarization (2%)

e Background contribution (2%)

e uncertainty of a_ (1%)

Uncertainties for 17.5 PAC days with standard 5 mm collimator.
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The a_ parameter for A decay

The A — prn~ decay is a weak decay and
preserves some of the polarization of the A

a_ 1s the parameter that tells us how much of
the polarization is transferred from the A onto
the proton —“Self-analysing” decay.

Significant tension exists between collider
and fixed-target extractions.

E12-12-002A Approved by PACS2 in 2024
as run-group addition to GlueX/JEF.
Currently taking data.

Use the same method as Ireland et al. but do it
better!

RPP fit PDG

—— old RPP value PDG

) LHCb, 2020

o Ireland et. al., 2019

BES3 (420k J/iw— AA), 2019

° BES3 (3.2M J/w—AN), 2022
—— BES3 (73k J/y— == - AA1n), 2022

-- RPP average PDG
PAC52 anticipated result
~8.5 GeV ¢ (stat. + sys.)p
0.65 0.70 0.75 0.80 0.85 0.90 0.95

a- forA-pn~

E12-12-002A https://arxiv.org/abs/2405.01288

Main systematic for GlueX:
Photon beam linear polarization due to
dominance of amplitudes depending on
linear polarization
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Method to Extract a_

Measure P, %, T, O,, O, C,, C. all simultaneously for yp — KTA

I(®,0, , ) =14 a_cosb,P — P/ cos(2®)(X + a_ cosb,T)
— P} sin(2®) (- €080,/ Oy + - c0s86,:0 )
— Pl (a_cos0,Cy + a_cosb,C,)

Requirement: Linear + circular polarization in Hall D simultaneously (elliptical polarization)

. WEIGHTED AVERAGE
by Fierz identities cause over constrained . 0.746+0.007 (Error scaled by 2.1)
system: leave a_ as free parameter : A '
Values above of weighted average, error,
P -T'+ P+ Cp+Co+0, +05 =1 iis idoogram only. They are not neces:
YXP—T—-CpO, +CyO0p =0 obtaned from a least squares constrained ft

utilizing measurements of other (related)
quantities as additional information.

x2

- - - - ABLIKIM 22AD BESS 0.6

In practice: directly fit amplitudes to data I\ ABOKM o8y BES 02
instead of constrained polarizattion | /U U CTEAR e O e

observables (automatically constrained) [ , 1 | (Confidence Level - 0.0042)

0.7 0.72 0.74 0.76 0.78 0.8 0.82
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The advantage of lower energies

Low energy %o Rel. uncertainty ~ Absolute

Statistical pI'€CiSiOIl’ running uncertainty on alpha uncertainty

* cross sections about factor 10 greater Hhotos belam M 271-9?; o)
CITC. POl. <U.2/0 a e
e (SLAC: 0  1/E;) b

0.014

Phqton beam 2% <0.7% 0.005
lin. pol. (<4% at 9 GeV)
Acceptance 2% 2% 0.015

Sigma 1t.)ary.on <0.3%
contamination

RPP fit Total
—— old RPP value
Ps LHCb, 2020
- e Systematic uncertainty:
- BES3 (3.2M TN AN 2022 e different polarization observables dominate,
—e—  BES3(73k Jly- == —AAmn), 2022

polarization systematics enter differently

RPP average

I 1 . .
85 GeV PACS? atipated resl linear polarization less 1mp0rt.ant
S e * access to more central events in CM
~1.4 GeV - PACS53 anticipated result . . . ..
(stat. +sys.) e partially independent systematic uncertainties
e total uncertainty reduced in combined analysis
0.65 0.70 0.75 0.80 0.85 0.90 0.95

a- forA-pn~
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Transition Region (Resonance — Regge)

Published world data for z°, 7 and #’ from deuterium:
E ~1.0—-1.6GeV measured by multiple experiments ~ 10 X

y
E, ~1.6- 2.5 GeV measured before ~ 100 X
E 2 2.5 GeV never measured

15

'g_ 'k 600 1800 2000 2200
=y ! W[MeV]
| "[ o(np), free proton
i . B o(np), quasi-free proton
# - ‘ ® 3/26(nn), quasi-free neutron
>r iy ) expand measurement to
» A E, = 3764 MeV
i s AN e 440 &
| i : 'lzﬁiuii‘:‘::.;#f W — 2818 MeV
0 P Sl - L " e 1 “ 1 . L N 1 >
1600 1800 2000 2200

* Disentangle the 1sospin composition of the elementary strong production amplitudes, particularly
to understand the interplay between coherent and incoherent nuclear processes.

e Study nuclear effects by comparing free proton with bound proton.

e Search for (or place upper bound on) the quasi-free Primakoff process.
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Projected Uncertainties

Measure differential and total cross section.

Huge improvement in uncertainties on cross sections
or brand new cross sections over large energy range.

many bins, high statistics

- « yd-nn(p), GlueX projected - . yd-nn(p), GlueX projected
t = yd-np(n), GlueX projected - B = yd-np(n), GlueX projected
"y o yd—nn(p), CBELSA/TAPS £ 04l o yd—nn(p), CBELSA/TAPS
B § L
A 5 |
[ c -
L S 0.3
S‘ E e (0] B o ©
j. _.ﬁ-ﬂ -oc_—)a i o o
 N— ‘m' 1) -
o) X = i
X S 0.2 )
WY » il o ©
2_ n_ll. q) B o}
™, 2 | o
- ﬁ':#r .I.‘.|r,fé‘l \ | E 1_ oooo
{‘, .'. N e 00° ©
| *.'r-*IT'P;ﬁ &) O i
i T— A e i
| | | | | | 0 . |
0 2 3 4 1 2 3 4

E2™ [GeV] )" [GeV]

Existing data Jaegle et al. Eur.Phys.J.A 47 (2011) 89

Jefferson Lab | Mark Dalton et al. GlueX at4 GeV | PAC 53 | 25 July 2025



Composition of the amplitude

3<E/ " <3.88 —yd-np(n)
— yd—np(p)

Detecting the pseudo scalar with either n, p
— extract Regge trajectories

large range of energies where this was never 10
possible before %
5107
Most simple Regge-like model (o « |A |2) 3 [
A(vyp — 7T0p) =t, + 1, 107°F
0 Y 7
A(yn = mn) =15, — 7 N
A(yd — 7°d) = 2tT 107 1 2 3 4
A Oy _ 1 -t [GeV?]
Yo —nVp) =t + 1] —ydomp(n)
A(’)’TL — n(’)n) = tz(,) — tZ(,) .
A(yd = n"d) = 27" o

In order to measure absolute cross sections
over the full energy range, will normalize

against Compton events. i
0.05

0

Projected relative statistical uncertainty
o

The all neutral final states 77 and #n have no
tracks and need empty target running to 0=
control backgrounds.
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Experiment

Maximize rate and linear polarization at lowest tagging energies (also gives high linear
polarization over a wide range of energies)

Run at 20-30 nA, not to saturate tagger.

Modity trigger for lower energy events.

Widen collimator hole (5 mm — 10 mm) to increase acceptance.

linear polarization

rate at target circular polarization
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GlueX Endorsed: commitment by the GlueX collaboration to operate the

G LUE wiv detector, staft shifts, calibrate and process the data, as well as provide

support for data analysis.
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Beamtime Request

PAC Days | Current ‘ Target | Coherent Edge ‘ Pair Spec.
Commissioning 3 Various configurations
Luminosity calibration 3 Various configurations
Hydrogen running 10 30 nA LH, ~ 1.4 GeV 1< Ey <17 GeV
1 30 nA | empty ~ 1.4 GeV 1< E, <17 GeV
Deuterium running 10 20 nA LD, ~ 1.2 GeV 1< E, <17 GeV
1 20 nA | empty ~ 1.2 GeV 1< E, <17 GeV
Total 28 *Modified from written proposal

Commissioning: setup beamline for low current running, adjust coherent enhancement
location, optimize trigger for rate and acceptance,

Luminosity calibration: cross calibrate Compton scattering events with the Pair

Spectrometer.

Empty target running: allow the study of beamline backgrounds (necessary for neutral
final states and Primakov reactions.)

Polarimetry: requesting the injector group measure the polarization using the Mott
polarimeter every 2 weeks to 1.0% statistical precision to help control systematic

uncertainties.

...lefferson Lab | Mark Dalton et al.
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Summary

Opportunity to do interesting physics with zero cost in new beam time.

General philosophy of GlueX is to accumulate a general purpose data set useful for multiple
different analyses. Accomplish with:

e deuteron and proton targets.

e systematic studies to allow absolute cross sections over full energy range.

e empty target running to facilitate neutral final states and low-t processes.

Unique and timely data set suitable for a range of interesting analyses.

Three dedicated groups ready to analyze the data as soon as it 1s available.
We expect:
e information on the nature of the feature at 1685 MeV 1n yn — nn
e measurement of a_ in A decay at 1.4 GeV
e first (or improved) differential cross sections from the neutron in the E range 956 MeV
to 3764 MeV

LUEX
G X GlueX Acknowledgements: gluex.org/thanks
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Backup Slhides
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Modified Beamtime Request

Since the proposal was written the expected time available for the measurement has been shortened
to 28 PAC days from 39, a factor of 0.7. We are now planning on using a wider photon beam
collimator (from 5 mm to 10 mm), which will increase the beam flux to the experiment by a factor
2.6 at the polarization peak for the Alpha and Baryon parts and by up to 3.8 elsewhere. This will
better balance the rates in the spectrometer with the rates in the tagger, but will lower the beam
linear-polarization at the peak by about 7% relative. Together these factors should lead to an
increase in statistics of about > 1.8, over what was proposed. A modified beam time request from
the proposal document is presented here.

PAC Days | Current ‘ Target | Coherent Edge ‘ Pair Spec.
Commissioning 3 Various configurations
Luminosity calibration 3 Various configurations
Hydrogen running 10 30 nA LH, ~ 1.4 GeV 1< E, <17 GeV
1 30 nA | empty ~ 1.4 GeV 1< E, <17 GeV
Deuterium running 10 20 nA LD, ~ 1.2 GeV 1< Ey <17 GeV
1 20 nA | empty ~ 1.2 GeV 1< E, <17 GeV
Total 28
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Prioritization

We would like to maintain the general nature of the data set as much as possible.

In the event of major loss of beam time:
e Ruthlessly optimize commissioning time
* Remove luminosity calibration running
* Remove empty target running
o Decrease proton running time: 7, = td/\/z
e For example if we have only 12 PAC days we might do the following.

PAC Days | Current | Target | Coherent Edge Pair Spec.
Commissioning 2 Various configurations
Deuterium running 6 20 nA LD, ~ 1.2 GeV 1< E, <17 GeV
Hydrogen running 4 20 nA LH, ~ 1.2 GeV 1< E, <17 GeV
Total 12
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Redundant Polarization Measurement

Amplitude

..jefferson Lab | Mark Dalton et al.
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Invariant Mass of Pi+ Pi- in rho decay
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Beam Tests 2025

We intend to test the following during the 2025 running.
Lower the coherent peak to 35\% of the endpoint energy (done)
Turn on the full tagger, lower the beam current and test the nonoamp BPMs.
Lower the trigger threshold for the BCAL to 200 MeV and monitor trigger rate.
Lower the pair spectrometer field to center acceptance at £, & 32%E,

g et
COHERENT BREMSSTRAHLUNG SETUP St
Installed radiator 8E0 1 .
Index Name D - h """" Template Current

12 JD70-107 55um 0/90 deg 17,000 60 §
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= i
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leferentlal cross sectlon

1.5f_ " E,=097GeV + 'E, = 1.05 GeV ][ E;=1.15GeV 1 Ey = 1.25GeV ]

Kim et al., Phys. Lett.
B 786 (2018), pp.
156-164

Fig. 4. Differential cross section for the yn — K°A reaction as a function of cos 053' for each beam energy. The dashed (blue), dot-dashed (magenta), and solid (black) curves
correspond to the contribution from K* Reggeon exchange, that from the sum of N* exchanges, and the total contribution, respectively. The dotted (green) one indicates the
total contribution without the effect of the narrow resonance N(1685,1/27). The data are taken from the FOREST experiment [25].
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W/ GeV

Baryon analysis
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The a_ parameter for A decay

( SAzB'iRlY(I)QSO) The A — pn~ decay is a weak decay and preserves
90— i some of the polarisation of the A
Py _ ol .
A U7y =0 a_ is the parameter that tells us how much of the
Mass m = 1115.683 + 0.006 MeV . . .
(mp — m7) / mp = (—01%11)x 105 (S = 16) polarisation is transferred from the A onto the proton
Mean life 7 = (2.632 + 0.020) x 1071%s (S = 1.6) p -
(th — 7) / 7o = —0.001 £ 0.009 — Self—analysmg decay

cr = 7.89 cm
Magnetic moment © = —0.613 + 0.004 up
Electric dipole moment d < 1.5 x 10_176 ecm, CL = 95%

- In 2019 new BESIII result with huge discrepancy
,1 ::— a_ = 0.642 + 0.013 2018 | .

prt ) op = —0.71 £ 0.08

pr~pr*

A DECAY PARAMETERS

See the “Note on Baryon Decay Parameters” in the neutron Listings. Some
early results have been omitted.

a_FORA—- pn~

VALUE EVTS DOCUMENT ID TECN  COMMENT

0.642+0.013 OUR AVERAGE

0.5840.046 8500 ASTBURY 75 SPEC Table 1| Summary of the results b

0.649+0.023 10325 CLELAND 72 OSPK

0.67 +0.06 3520 DAUBER 69 HBC From = decay Parameters This work Previous results

0.645+0.017 10130 OVERSETH 67 OSPK A from 7~ p

0.62 +0.07 1156 CRONIN 63 CNTR Afrom 7~ p a, 0.461+0.006 +0.007 0.469+0.027 (ref. ™) =
n

ay FORA — prt AP 424+0.6+0.5° - g

VALUE EVTS DOCUMENT ID TECN  COMMENT 6

—0.71 +0.08 OUR AVERAGE a_ 0.750+0.009 +0.004 0.642 +0.013 (ref. ©)

—0.755+0.083+0.063 = 8.7k ABLIKIM 10 BES J/yp— AA a, —0.758 +0.010 + 0.007 —0.71+0.08 (ref. ©)

—0.63 £0.13 770 TIXIER 88 DM2 J/ip — AA

M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)
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https://pdg.lbl.gov/2018/html/authors_2018.html

2019 - Ireland et al.

D.G. Ireland et al

120 T T
PHYSICAL REVIEW LETTERS 123, 182301 (2019) ! ! !
i ——— PDG Value 1 FIG. 1. Posterior densities for a_, given different priors for
1004 : BES III Value —m8 & : the beam polarization calibration constants P and P;. The
. i i histograms show the result of the MCMC sampling of the
Kaon PhOtop rOdu(:tlon and the A Decay Parameter a_ i E marginalized posterior densities while the solid lines repre-
. . . 80 1 1 sent a direct scan of the posteriors. For clarity, the results
If thC phOtOIl b()a,m 1S ClI'Clll'd,rly p()laI‘ lZCd we ha,VC ) - corresponding to the double width uniform priors for P and
; : P} are omitted. Dark grey vertical bands represent statisti-
~ 60 - ' ! cal uncertainty; the additional light grey bands on the BESIII
1 “+ _ Ccos HyP + (a_ coSs H.L C.L + _ cos 92 Cz) PC" (2) : : result represent systematic uncertainty.
1 I
1 1
. . . . ° ° 40 1 1 ; = = - - — = - -
and if the photon beam is linearly polarized the distribu- : : |
! 1 | —
tion is - a=0.721(6)(5)
Fixed |l and ¢ - H
g ' mmm Unif i ! - —
1+ a_cosf,P—{X+ a_cosb,T} P, cos2¢ 3) e R | | , . |
P 0.62 0.64 0.66 0.68 . . . . 0.78
—{a_ c0s0,0, + a_cos0,0.} P} sin 2¢. a-

Q2+ 0> +C?+C?+2*-T*+ P =1
YP-C,0,+C.0,—-T =0

+ Fierz identities:

| WEIGHTED AVERAGE
0.746+0.007 (Error scaled by 2.1)

Extract alpha from over-constrained set of equations
US€ data fI'OIIl thI’@G diff@f@l’lt pllthatiOIlS fI'Om \L Values above of weighted average, error,

and scale factor are based upon the data in
this ideogram only. They are not neces-

different bﬁam times sarily the same as our ‘best’ values,

obtained from a least-squares constrained fit

Extrapolate data to have data set with common Quanites 2 aoeonal momaton.
kinematics
Since then two more publications by BES3 '
. . - -+ - ABLIKIM 22AD BES3 0.6
Old results 1gnored by PDG but tension between new oAmKm 2AGEESS 8
- - PIENE - % e e IRELAND 19 CLAS _10.3
results 125

(Confidence Level = 0.0048)
| | | | |

0.7 0.72 0.74 0.76 0.78 0.8 0.82
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Pair Spectrometer Acceptance

the pair spectrometer has limited energy acceptance ~ *+ 30 %
950 MeV < E, < 1615 MeV

the remainder of the energy range will be normalized to Compton scattering rate

PS pair energy

events

100—

50—

| | | | | | | | | | |
0 8 10 12

PS pair energy [GeV]

Jefferson Lab | Mark Dalton et al. GlueX at4 GeV | PAC 53 | 25 July 2025



Relationship between pol. obs. and fitted amplitudes

do
= = [ba]* + [b2f* + [bs]* + [ba]?
do
EE = |by|* + |ba|? — |bs]® — |bal?
do
I = [b1|% — |b2|* — |b3|? + |bal?
{
do
P = [b1|% — |b2|* + |b3|? — |bal?
¢
d
Oy — = —2Re(b1b} — bob?)
dt
d
0, d‘t’ — —2Tm(by b} + bybl)
do . .
d
C. d(: = —2Re(brb} + bod?)
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Variation of observables

E,=8.0-8.6GeV

wl 2 0.9 T~-05|~P~-0.5
o g— —— mean +/- 1 std
0.00 - median
~0, 7 - 0.1 ~0, ~ 025
- C. ~ 0.3 C,~0 —
Bg2019_pr
< 1r
) E=1400
0.5F
Ok
-0.5
Sl T I TP T TP I TP TP
-1 075 05 025 0 025 0.5 075 1

Z =CO0S Gcm

Bg2019_pr

Wo1E

=1400

S || AP TN TS TP T T les sl sy
-1 075 05 025 0 025 0.5 0.75
z=cos O,
Bg2019_pr
\N 1_
O =1400

-1 -075 05 025 0 025

..jefferson Lab | Mark Dalton et al.

Z =CO0Ss ecm

GlueX at 4 GeV | PAC 53

Bg2019_pr

1F
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1F
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E=1400
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Study parameters

Bg2019_pr

To determine analysing power (i.e. final statistical precision) and 5 [
influence of polarisation systematics 209
Q.25
Simulate MC and run the same analysis workflow as for PAC52 proof- By
of-concept o
Generate 12 /13 statistically independent data samples with 500k events 0.1
each (projected statistics for about 2 PAC of running) 0.05
:. N .:_1_! ,9.9.9.9,9.9.%.%. | TP T
Use polarisation observables from BnGa PWA at different cos(0) ~1075 05 22_5 cgs 8'25 0.5 075 1
Fit each sample and extract a_ E-va00
0.4

do/dQ, ub/sr

To study polarisation, fit with value different from generation

E.g. generate with P/ = 0.80, but analyse with P = 0.80 + no

n=1,2,3

or ~=002xXP ST
LC LC 07"70.75 05025 0 025 0.5 075 1

32 z = cos 6,
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