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MECHANICAL STRUCTURE OF THE PROTON

A majority of the mass in the observable Universe is largely attributed to protons,
neutrons and combinations thereof (i.e. nuclei)

Mass of the proton is simply not the sum of
its bare quark masses

» Higgs mechanism alone seems irrelevant for
generating “normal’ confined matter

Whence does the majority of the 938 MeV mass of
the proton emerge?
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MECHANICAL STRUCTURE OF THE PROTON

A majority of the mass in the observable Universe is largely attributed to protons,
neutrons and combinations thereof (i.e. nuclei)

Mass of the proton is simply not the sum of
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» Higgs mechanism alone seems irrelevant for e ‘d‘ 9
generating “normal” confined matter b )l S

Whence does the majority of the 938 MeV mass of

the proton emerge? ‘@’LUQNS!
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MECHANICAL STRUCTURE OF THE PROTON

A majority of the mass in the observable Universe is largely attributed to protons,
neutrons and combinations thereof (i.e. nuclei)

Cléet and Roberts. Prog. Part. Nucl. Phys. 77 [2014]
' [ ' [ ' [
Rapid acquisition of mass is

Mass of the proton is simply not the sum of
its bare quark masses

» Higgs mechanism alone seems irrelevant for
generating “normal’ confined matter

0.4

o
w

— m =0 (Chiral limit)
— m =30 MeV
— m=70 MeV

Whence does the majority of the 938 MeV mass of

the proton emerge? &LUQMS! _

» Mass dynamically originates from the energy within the 01—
QCD gluonic fields and their interactions

» Mass of constituent-quarks arises from cloud of low- 0
momentum gluons attaching themselves to bare quarks 0 ! 2 3

» Non-perturbative effect occurring even at the chiral limit

M(p) [GeV]
S
N
|

What about the size of the proton? What role do the gluons play?
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MECHANICAL STRUCTURE OF THE PROTON

What do we know about the size of the proton? How is mass distributed within the proton?
How are its internal forces spatially distributed? What quantitative role do the gluons play?

Charge radius can be experimentally probed via elastic ep scattering
Deviations from point-like structure provide insight into the proton’s size
» Encoded in the so-called electromagnetic Form Factors (FFs)
Defined as the matrix elements of the electromagnetic current operator:

ioctq ]
MU'Fz(f)jM(P,S)

(P, S| | sy = a(p'ss)[Fy (o) +
For point-like particles, FFs would be constant
» Not the case: Found to be pronounced functions of ¢

F,(0) : Electric charge of proton (in units of e)
F,(0) : Anomalous magnetic moment (in terms of )

The t-dependence of the EM FFs allow information about the spatial distributions
of the electric charge and magnetization to be directly inferred

Can we by way of (experimental) analogy extract information

about the mechanical properties of the proton (e.g. mass,
momentum current densities, etc.)?
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MECHANICAL STRUCTURE OF THE PROTON

The mechanical structure of the proton is well-defined by analogy at the continuum
through the QCD Energy-Momentum Tensor (EMT)
Gravitational Form Factors (GFFs) are defined as the matrix elements of the QCD EMT for both quarks and gluons:

, » (i) P(/‘G”)/’Ap AFAY — gH' A2 "
(P s' | T | p.s) =u(p',s') [A, (O yHPY + B, (I)T-ch,g(f) v; + Cp (O Mg 1ulp, s)

Role of the GFFs:

Aq’g(t): Momentum/energy distribution component (2nd Mellin transform of the GPD H)
- Fort=0, A (0) = (x),, (x), D Z A(0) =1 —> Momentum Sum Rule

Bq’g(t): Spin component (2nd Mellin transform of the GPD E)

1 1 . Energy 'Devxsi,kj
- Fort=0, J, o =—[A ,(0) + B (0)] = = — Spin Sum Rule ~ m 701 702 703}

'rvlz

D, ,(?): Internal forces component, where D, () = 4C, (1)

™ =
- Fort=0, D(0)= ) D,(0)+ D,0)

— q
C . g(t): Trace component

_ _ _ Energy Flux =
» Fort=0, C(0)= Z C,(0)+ C,(0) =

T Argonne National Laboratory is a
{® b U D AR N g artment of Energy Iaboratory MOMQHE’U,M Flux
%Y¢ of ENERGY  managed by UChicago Argonne, LLC.
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GFF MEASUREMENTS

For the case of the EM FFs, we use a single spin-1 EM exchange
via an EM probe on the electromagnetic current operator

» Routine measurement in lepton-proton scattering

GFFs Case: We need a (graviton-like) spin-2 exchange as
the probe on the EMT

> Not very trivial
> Single graviton exchange cross section is extremely small

» Currently experimentally limited from direct access

> Indirectly, however, one can in principle emulate the exchange
» Deeply Virtual Compton Scattering (DVCS)T
» Exclusive Vector Meson production

P,
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GFF MEASUREMENTS: DVCS

DVCS mimics a spin-2 exchange via two spin-1 photons

Quark component of the total GFF D-term can be probed
through such process

D=D,+D;+D +...+D,

In the Breit-frame, the extracted D-term is related to
“pressure profile” within the proton
» Analysis based on the fits to the DVCS cross-section and
asymmetries from CLAS
» Repulsive “pressure” near center of proton with a confining
“‘pressure” beyond 0.6 fm

» Consistent with the notions of proton stability and QCD quark
confinement

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Burkert, Elouadrhiri and Girod. arXlv 2310.11568

Graviton
Proton

DVCS

1,22

N(P) N(P")  N(P) N(P’)

Burkert, Elouadrhiri and Girod. Nature. 557 [2018]
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GFF MEASUREMENTS: HEAVY VECTOR MESONS

The gluonic components of the total GFF terms can also be probed by mimicking the spin-2 exchange

as long as:
Probe is not sensitive mostly to quarks/quark structure

Heavy flavor vector mesons, namely J/y and Y, make the perfect tool
for probing the gluon components of the GFFs
» J/y scattering used as a proxy for elastic quarkonium scattering
» ldeal measurement in the 12 GeV JLab eral
» Gluonic GFFs constrained by exclusive near-threshold
photoproduction
» Particularly at large values of the skewness (£) and a sizable
momentum transfer (|7])

2
My, +M,)* — M, —t

Efhr — ~82GeV t=(p-p)<0, &=
p 20, (p-p)<

#27%, U.S.DEPARTMENT ~Arg

{0) ENERGY Cocemmimsiornesy ooy

2W2 = M2) - (M3, -

1)

7p~>Vp
wé I/ T
e
1 5 9 13
V'su (GeV)
Vector- my \/Stor Ep
Meson MeV) MeV) MeV)

/many oA o~ PR PPN tann s
Wiive) PR PR P PV 1iuZ.1
[W2P N VNN LG e o~

e s 0 13750

J/w(1S) 3096.900 4035. 2 8207.8

Ana o 046925 10n00 < £m1EAa O

i e o S




CEBAF AT JEFFERSON LAB

Very high luminosity (10> — 10*°cm™2s~!) continuous electron beam on fixed target(s)

» 4 Experimental Halls

 ~11 GeVinHallsA,Band C
e ~12 GeVin HallD

JLab is the ideal laboratory for near threshold J/y given the
large CEBAF luminosity, excellent detector resolution in
each hall and the energy range in allowable kinematic region

12 GeV era J/y Experiments at JLab

» Hall A: Dedicated J/y electro/photoproduction Experiment (SoLID)

» Hall B: J/y Photoproduction Run Groups A and B (CLAS12)

» Hall C: LHCb Hidden Charm Pentaquarks Experiment (J/y-007)

» Hall D: First J/y at JLab 12 GeV (GlueX) and full phase space access

5", U.s. DEPARTMENT  Argonne National Laboratory is a
) U.S. Department of Energy laboratory
7 W97 of ENERGY  rincscay cntags bome e, Argon ne °




J/'¥Y PHOTOPRODUCTION IN HALL D (GLUEX)

. . : z e
GlueX first measured the 1D cross section Altetal (Gluex). Phys. Rew Lett. 123 (2019) 7 K==t
i > - g J=
of J/y photoproduction at JLab 8 Gt | T Mﬁ} |
. . ] - 6. 1 cidid P —e— Glue
> Saw no evidence of hidden-charm pentaquarks £ 1 10,00 < B, < 1180 GeV A A s
. . S < E —4A— Cornel
> Higher values than those previously measured 3 7 1o Knarzeoy etal x23
> Explicit t-dependence of differential cross-section {7 T g e Brodsky stal
10»1: /l . it + 3g exch: Brodsky et al
Sy 8 9 10 E, Gev 20
In 2023 GlueX results in the near-threshold ° 0008 0 e 2 _
region extract the 2D differential cross section pdhar et . (lue). Phys. Rew . 108 2023) & L
inE,~82-11.4 GeV -
a3/ =X
> Observed enhancement of the differential cross- 10 Nl oo
SeCtIOn In the |OW€St E}, reglon /l """""" gz:lo:iit:ziz;?ﬂz;anowski,Wagner,GFD
“ . " / : —— — — Guo, Ji, Liu GPD+do/dt fit
> “Can be interpreted as an s-channel or u-channel e 10 = ooy 20
contribution”
~ Suggests contributions to fluctuations in the lowest E, 3R L onson<E w00
2 F 34 —*—820GeV <E, <928 GeV
bin (8.2 GeV to 9.28 GeV) from open-charm (DOAC) T [ e
» Total cross-section drops here as well "R ]
102 P N \%\
0 2 4 !ié 8 10
— t[GeV?]




JI¥-007 EXPERIMENT IN HALL C

JLab Experiment E12-16-007 (J/w-007) in

Hall C measured the J/p photoproduction

cross section in the eTe™ channel

» Ten Ey slices in 9.1 - 10.6 GeV range

Found no evidence of hidden-charm
pentaquarks in the phase space region

Placed constrains on the gluon GFFs

Mass radius < charge radius

Scalar gluonic cloud surrounds
charge region at around 1 fm

[t-twel (GEV?)

Table 1| The gluonic GFF fit parameters, proton mass radius and scalar radius
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T T T

= Semng 1
= Setting 2

= Setting3 .~
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Theoretical approach X/n.df. m, (GeV) mc(GeV) C,(0) m . (fm) m \ (fm)

GFF functional form

Holographic QCD 0.925 1.575+0.059 112+0.21 -0.45+0132 0.755+0.035 1.069+0.056

Tripole-tripole

GPD 0.924 2.71+0.19 1.28+0.5 -0.20+01 0.472+0.042 0.695+0.071

Tripole-tripole

Lattice 1.641+0.043 1.07+0.12 -0.483+0.133 0.7464+0.025 1.073+0.066
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Duran et al (J/-007). Nature. 615 [2023]

‘,7 w7 Npug 7 Joosten et al (J/y-007). arXiv: 2602.14416
s | o ot B

o ] Corne:l 1975 *§* 434

Muon-channel results for the two-dimensional cross-

section from the J/y~007 Collaboration agree within
uncertainties of the electron-channel

» Panels shows t-dependence within a single Ey bin % T

anrP(r) (GeV/fm)

100
Ey (GeV)

» J/y-007 results consistent with those from GlueX;
do not exhibit fluctuations reminiscent of
contributions from open-charm production processes

Y. Guo, X. Jiand F. Yuan. arXiv: 2308.13006

=0.8

o J/¢ 007 Exp.
= GlueX (2023)

Combined analysis of both channels from J/y-007 gives
a great constraint on the gluonic GFF D-term

Lowest Ey bin lies above GlueX 8.2 GeV to 9.28 GeV bin

» Extraction of gluon GFFs not clear if contributions to
the cross section beyond a pure t-channel process

—1(GeV?)

L 51036 GeV <E, < 11.44 GeV
E —6—9.28 GeV <E, <10.36 GeV
F N\ ® 820 GeV <E, <928 GeV

s

.
ot

doldt [nb/GeV?]

=

GPD model extraction of the GFFs currently discards
all data below & = 0.5 from the J/y~007 dataset

107

8.5 9.0 9.5 10.0 10.5 11.0
Ey(GeV)
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Duran et al (J/y-007). Nature. 615 [2023]
Joosten et al (J/y-007). arXiv: 2602.14416

W@ J/y-007 combined

JI¥-007 EXPERIMENT IN HALL C '

=== J/y-007 gluon (hQCD)
== Lattice gluon

31 GlueX 2023 ..§.:‘§"
o L Corne:l 1975 *?* %
.—§—<

(nb)
5

Given the impact of the first iterations of the
J/p experiments at JLab both in experiment
and theory, it is prudent to now plan for a
new and complementary experiment to
map out the JIy photoproduction cross-
section

4nr?P(n) (GeV/fm)
S o o o

e J/¥ 007 Exp.
= GlueX (2023)

We propose a high current, high
precision measurement of J/y
photoproduction in Hall C near threshold
that extends the kinematic coverage of
the J/p-007 experiment in Hall C to the

low E,, large-¢ and sizable t regime

—5-1036GeV <E <1144 GeV
—6—928GeV <E, <10.36 GeV
—® 820GeV<E <928 GeV

5]
L
T

% 1E
j©] =
=} | A
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2 ; :
3

107 i e
C B S e S S S e e e s I
0 8.5 9.0 9.5 10.0 10.5 11.0
Ey(GeV)
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NEED FOR A COMPLEMENTARY MEASUREMENT IN HALL C

HISTOGRAMMING AND UTILITY SANDBOX (HAUS)

We decided to make some sort of utility
sandbox for us to play with detector kinematic
settings (HMS and SHMS) and optimize the
number of projected J/y candidates in the
kinematic region of interest

> Produces critical histograms on the fly from a 1Ager
MC supersample for the yp — J/ywp process
» Avoids discretely going to-and-fro from one setting

to another to produce phase space et Ju G i 8 =
> HMS and HMS configurations (WRT |p|and 6) e e e
optimized in the region(s) of interest S R
» Maximized number of Ey and t bins in the large-¢ ] I e
region where GFF sensitivity is enhanced e e
(@) Uipmmme Srmaemees,, spoor sasmg s | aso Argonne d
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Per-setting & distributions
SETTING CONSOLIDATION . —om o
s s
Set;ing o fgial(l)ggm] — Egzg — Smen
° ’ * 0.08 4
2 [0.545, 0.660] = 2 M
i . ~ (9] n -
3 [0.476, 0.606] —— Mid ¢ 2 0.6
4 [0.618, 0.782] === >, Mod ¢ z [
5 0.459, 0.542 4 2 004 ,
[ ’ £
6 [0.708, 0.832] } High & ® U
7 [0.546, 0.657] o 0.02 1 J
8 [0.590, 0.688] = [HJ] HJL :
9 [0.667, 0.791] == 000 , , , , . : : .
10 [0.668, 0.780] Prapm— 0.45 0.50 0.55 0.60 (265 0.70 0.75 0.80 0.85
All Settings: yp - J/yp phase space f Overlap Matrix 10
I s Setting 111 * » Grouped in terms of 4 subsets
Seinga ' > 3 subsets each with 2 settings
s §§§§ Setting 107 08 » Dedicated single setting for highest &
s s Setting 9 1 ' » Narrowed the search down down to 7
o S Setting 8 distinct settings
Setting 7 0.6
s _ ) » Dropped into cavalry list):
% Setting 6 g « Setting 2
= Setting 5 0.4 » Setting 3
Setting 4 » Setting 9
3 ] » Setting 11
Setting 3 02 5
2 Setting 2 £ = t—= MJ/l//
|oTEREETR e T Setting 1 0.0 2Ml% + M.%/l// -1 -2w2
T e
° DAL G G g S
12 85 90 e rcen 95 100 105 & Argonne
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PROPOSED J/W-007-1l EXPERIMENT IN HALL C

Spectrometer configurations of J/w-007 were
explicitly determined through a maximization of the
projected signal from the hidden-charm pentaquark
channel

We propose a high current, high precision
measurement of J/y photoproduction in Hall C
near threshold that extends the kinematic

coverage of J/y-007 to the low Ey, large-¢ and
sizable t regime

SHMS and HMS configurations optimized in region of interest

LH, target

5", U.s. DEPARTMENT  Argonne National Laboratory is a
)] U.S. Department of Energy laboratory
W97 of ENERGY  rincscay cntags bome e,

J/u/'—nuﬂzuzib
Gluex (2023)

CLAS12(2026)
B J/y-007-II (This Proposal)

> O

|t [Gev?]

|t toin| [GeV2]

L
9.5
E,[GeV]

Hall C
Configuration

SHMS (-)
lpl (GeV) 6 (deg)

HMS (+)
lpl (GeV) 6 (deg)

Kinematic
Ranges

J/1-007-II Setting A

4.44 22.4

3.66 23.0

E, € 8.4,10.0] GeV
[t| € [1.0,2.8] GeV?
¢ € [0.45, 0.55]

J/1—007-1I Setting B

E, € [8.2,10.5] GeV
It| € [1.6,6.0] GeV?
¢ € [0.55, 0.65]

J/1-007-IT Setting C

3.11 31.3

3.44 25.6

E, € [8.35,10.5] GeV
It| € [2.9,7.6] GeV?
¢ € [0.65, 0.80]

Argonne &




HALL C COPPER RADIATOR SUBSYSTEM

P Copper radiator

Stepper motor Vacuum bellows target(s)

Waker Lines

Sealed/installed Hall C copper foil
radiator radiator target(s) subsystem

Unsealed/uninstalled Hall C copper
rvsomme foil radiator radiator targets
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BEAMTIME REQUEST AND PROJECTED IMPACT

Hall C SHMS () HMS (+) Kinematic Signal regions all projected to T P E———
Configuration |p| (GeV) 6 (deg.) |p| (GeV) 6 (deg.) Ranges . . . . e .
E, € [8.4,10.0] GeV have minimal SIDIS pion _ H
J/4-007-1I Setting A 4.44 22.4 3.66 23.0 |t| € [1.0,2.8] GeV? ey
£l bon ba_ckground across all three | ":jull: (
E, € [8.2,105] GeV settings — assuming a 1000:1  _| homeebd - . .
J/4-007-1 Setting B 3.79 28.6 3.60 21.0 ¢| € [1.6,6.0] GeV? . . H 5 B 5’
£ € [0.55, 0.65] pion rejection factor ¢ N &
E, € [8.35,10.5] GeV - - -
J/1-007-II Setting C 3.11 31.3 3.44 25.6 |t| € [2.9,7.6] GeV? Beam  Beam 3 . g s
€ € [0.65, 0.80] Description Energy Current Target Days . il L - ,
(GeV) (nA) 24| r
e Production Running ! ' !
F SRREE J/4-007-11 Setting A SHMS(-) and HMS(+) 11.0 50 LH, 5.0 55 T, o5 110 55 R I T EXg E'avs—,m 60 105 11
/ i J /400711 Setting B SHMS(-) and HMS(+) 11.0 50 LH: 10.0
J/4-007-11 Setting C SHMS(-) and HMS(+) 11.0 50 LH, 10.0 -
Subtotal (Production) P o e o wrme
e + Commissioning and Calibration | g 10t E - - gw‘ E -y gw" E
Initial commissioning Detector and DAQ setup 1.0 | EWZ F ;,ij F e ; mj P
> Optics/momentum calibration ~ Spectrometer tuning 0.5 3 Wd r Emd r émd [
Detector calibration Tracking, PID, timing 0.5 o 12 3 a4 s EM Fcevzy o 1 2 3 4 5 ft‘ [7Gs\lz| 1 12 3 4 5 f“ [7Ge\l’]
. Subtotal (Galibration) 20 o ptesscemen T emcpcume T wmcpomeed
Soom|  TarGet Total Requested Time 27.0 L . GH I P Sl
el e | e Sl ey
Projected dt/d o counts address the low E, region of interest & srf Bl H 1
. _ 9.10 < E, < 9.25 GeV _ 9.25 < E, < 9.40 GeV _ 9.40 < E, < 9.55 GeV
We assume an 11.0 GeV, 50 u A unpolarized CEBAF beamona15cm LH, : o o
E 10% F Ew‘ F %w" F
H 0, H P S0 Lo ——
target with a 9% Cu radiator placed upstream of the target cell sl ol o -
10t o At

1Tz 3 4 5 Tz 3 4.5 T 2 3 4 5

6 7 6 7 67
Je] (Gev?) [t] (Gev?) Je] (Gev?)

Requested production beam time totals 25 days — 1:2:2 split between settings . 955 8 < 970 oev L smem <o o 585 <5 < 10.00 cev

£ (A £
: -1 Sof Sk Sl
A, B and C — totaling 426.8 ab £l | o ol — ol —+
g or -+ s -+ o f —+
Sl Sl ol

Setting A covers the near-threshold Ey region T T T

10.00 < E, < 10.15 GeV 10.15 < E, < 10.30 GeV 10.30 < E, < 10.45 GeV

Setting B covers the £ = 0.6 region from threshold to £,"**

.

3
3

10'2!' —
3

e

L
Setting C covers the & = (.7 region to values of |t| up to the kinematic limit s "o Dol

do/dt [nb/Gev’]
do/dt_[nb/Gev’]

do/dt_[nb/Gev?]

() Us pemarTMENT | figee Netonsiicbume s
@) of ENERGY  nianescs oy CChitags sbomma tee. . . Argonne °
15 * Projected dt/d o also expand the |f| coverage across wide Ey range gonNC.=




BEAMTIME REQUEST AND PROJECTED IMPACT

3/4-007-11: Setting C

Hall C SHMS (-) HMS (+) Kinematic
Configuration Ip| (GeV) 6 (deg.) |p| (GeV) 0 (deg.) Ranges , -
E, € [8.4,10.0] GeV - B B :
J/%-007-11 Setting A 4.44 22.4 3.66 23.0 |t| € [1.0,2.8] GeV? 2
¢ €[0.45, 0.55] - F e
E, € [8.2,10.5] GeV . m | : J\
J/1-007-1I Setting B 3.79 28.6 3.60 21.0 It| € [1.6,6.0] GeV?2 | B : J I
& € [0.55, 0.65] ; - S ]
E, € [8.35,10.5] GeV
J/1-007-1I Setting C 3.11 31.3 3.44 25.6 It| € [2.9,7.6] GeV? Beam Beam
& € [0.65, 0.80] Energy Current Target Days
(GeV)  (uA)
Production Running
J/¢¥—007-11 Setting A SHMS(-) and HMS(+) 11.0 50 LH, 5.0
¢ L. - J/¢¥—007-11 Setting B SHMS(-) and HMS(+) 11.0 50 LH, 10.0
- a0 J/—007-11 Setting C SHMS(-) and HMS(+) 11.0 50 LH, 10.0
N Subtotal (Production) 25.0
€ Commissioning and Calibration
> Initial commissioning Detector and DAQ setup 1.0
Electron Experment. Optics/momentum calibration = Spectrometer tuning 0.5
Detector calibration Tracking, PID, timing 0.5
Subtotal (Calibration) 2.0
113, DEpARTET  Aponne NatonslLaborstoy s Total Requested Time 27.0

15 @ of ENERGY %i"go;”uc‘ 'E ayismotory
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J/y-007 (2023)

C O Gluex(2023)

A CLAS12(2026)

W J/y-007-11 (This Proposal)

CLOSING REMARKS

The JLab 12 GeV era J/y program(s) have established
near-threshold J/y photoproduction as a powerful probe
of the gluonic mechanical structure of the proton

| £= tninl [GeV?]

» World data sparsely populated in the large skewness
and large values of momentum transfer — particularly
region of the phase space close to the production

threshold (E, ~ 8.2 GeV)

» Theoretical developments indicate a controlled GPD-
based extraction of the gluonic GFFs require direct

access to the & > (.5 kinematic region, which
remains statistically limited in the existing J/y L

photoproduction JLab datasets Etectron  Target

Our proposed measurement explicitly addresses the

above limitations by extending the kinematic coverage s SIS ) S )

Kinematic
Ranges

of the pioneering J/y-007 experiment in Hall C to the Configuration _Ipl (GeV) 0 (deg) W] (GeV) 0 (deg)
large-|t|, large-£ regime of the accessible phase space eomisamed A A e e

E, € [8.4,10.0] GeV
[t| € [1.0,2.8] GeV?
£ € [0.45, 0.55]

J/¢-007-II Setting B 3.79 28.6 3.60 21.0

E, € [8.2,10.5] GeV
[t| € [1.6,6.0] GeV?
£ € [0.55, 0.65]

We welcome anyone interested in joining J/yp-007-I1 !!!

J/¢—007-II Setting C 3.11 3L.3 3.44 25.6

E, € [8.35,10.5] GeV
[t] € [2.9,7.6] GeV?
£ € [0.65, 0.80]

(@) ENERGY LB SRy Feel free to contact FAF: fflor@anl.gov (Link to proposal)



mailto:fflor@anl.gov
https://misportal.jlab.org/pacProposals/proposals/2139/attachments/247247/J_Psi_007_II_Proposal.pdf
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HALL C SPECTROMETER CONFIGURATION

Standard Hall C spectrometer configuration with HMS (+) and SHMS (-) in coincidence

Parameter

HMS

Performance

SHMS
Specification

Range of Central Momentum

0.4 to 7.4GeV/c

2 to 11GeV/c

Momentum Acceptance +10% -10% to +22%
Momentum Resolution 0.1% - 0.15% 0.03% — 0.08%
Scattering Angle Range 10.5° to 90° 5.5° to 40°
Target Length  Accepted at | 10cm 25 cm
90°(HMS)/45° (SHMS)
Horizontal Angle Acceptance +32 mrad +18 mrad
Vertical Angle Acceptance +85 mrad +45 mrad
Solid Angle Acceptance 8.1 msr 4 msr
Horizontal Angle Resolution 0.8 mrad 0.5 — 1.2mrad
Vertical Angle Resolution 1.0mrad 0.3 — 1.1 mrad
Target resolution (Yiqr) 0.3cm 0.1-0.3cm
Maximum Event Rate 4-5kHz 4-5kHz
Max. Flux within Acceptance ~ 5MHz ~ 5MHz
e/h Discrimination >1000:1 at >1000:1 at
98% efficiency 98% efficiency
7 /K Discrimination 100:1 at 100:1 at

95% efficiency

95% efficiency

Hall C SHMS (-) HMS (+) Kinematic
Configuration |p| (GeV) 6 (deg.) [p| (GeV) 6 (deg.) Ranges
E, € [84,10.0] Gov
J/$-007-I1 Setting A 4.44 22.4 3.66 230 |t € [1.0,2.8] GeV?
€ € [0.45, 0.55]
E, € [8.2,105] GeV
J/$-007-11 Setting B 3.79 28.6 3.60 210 |t| € [1.6,6.0] GeV?
€ € [0.55, 0.65]
T, € [8.35,10.5] GeV
J/$-007I1 Setting C 3.1 313 3.44 256 |t| € [2.9,7.6] GeV?

¢ € [0.65, 0.80]

", U.S.DEPARTMENT Argonne National Laboratory is a
U.S. Department of Energy laboratory
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To beamdump

>

Detector Stacks:

Tracking/ Timing:

1. Drift Chambers
4 2. Hodoscopes

O I/ Particle ID:

2/// 3. Gas Cerenkov

3
%
€

+

Argonne &

NATIONAL LABORATORY

4. Lead Glass Calorimeter
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J/¥Y MC CAMPAIGN “ TG, -2

Hall C Parameters (1M Events): Strict xi and E_gamma cuts

yp=Jlyp (jpsi)

£€1[0.50,1.00]

0.75
) yp —J/wp Phase Space (Top N Overlay)
E,€[8.90,9.10] 10
) .03 GeV, [t|=2.24 GeV?
8 N = 202,627 ° .95 GeV, |t]=2.15 GeV?
° .96 GeV, |t|=1.92 GeV?
0.70 @ #4:E,=8.98 GeV, [t[=2.45 GeV?
) 8.94 GeV, |t|=1.86 GeV?
g8 @ =9.06 GeV, |t|=1.99 GeV?
6 ]
N
> 0.65 ° N
8 @ #9:E,=9.00 GeV, |t|=1.74 GeV’
= W @ #10:E,=8.93 GeV, |t|=1.87 GeV?
= @ #11:E,=8.92 GeV, |t|=3.58 GeV?
4 64 @ #12:E,=8.97GeV, |t|=3.05 GeV?
0_&0 @ #13:E,=8.92 GeV, |t|=1.95 GeV?
&7 e~ 6 vs |p| with associated e* ,; @ #14:E,=8.99 GeV, |t|=4.43 GeV?
] ' - 2
. =83.0°, e* #1: |p|=7.15, 0=6.7° 600 o © #15:£,=8.98 GeV, |t|=4.95 GeV’
. =60.7°, e* #2: |p|=6.62, 6=7.1° = @ #16: E,=8.99 GeV, |t|=1.69 GeV?
160 N 9.0% e #3: p|=6.94, =4.47 © #17:£,=9.08 GeV, |f|=3.26 Gev?
2 .
. 44 O #18:£,=8.95GeV, |t}=3.08 GeV?
. O #19: E,=9.06 GeV, |t|=2.42 GeV?
500
140 . O #20:E,=9.00 GeV, |t|=2.43 GeV?
. O #21:E,=9.07 GeV, |t|=2.42 GeV?
. : |pI=7.03, 8=3.8° O #22:E,=9.02 GeV, |t|=1.86 GeV?
0 120 : pl=276.9-30 O #23:E,=9.08 GeV, |t|=3.07 GeV?
7.5 8.0 8.5 9.0 9.5 10 . : |pl=2.55, 6=32.0°, e* #12: |p|=4.80, 6=21.0° 200 e : :
E, [GeV] . 0.80, 6=75.4 : Ipl=7.07, 0=6.5° 24 O #24:£,=8.90 GeV, |t|=1.58 GeV?
o e #14: |p|=4.11,0=20.2 : Ipl=2.51, 0=37.8° O #25 E,=8.94 Gev, |t|=2.72 Gev?
_ 100 o e #15: |p|=3.07,0=30.1 : Ipl=3.27, 0=28.5°
? o e #16: |p|=4.44,0=22.4 Ipl=3.66, 6=23.0° 2
= . : .50, 6=106.3° 3
B : pl=0.73, 0=79.2° 3009
S 80 : Ipl=1.74, 0=45.3°, e* #19: |p|=6.03, 0=12.7° ©
e #20: |p|=4.74, =16.2°, e* #20: |p|=2.97, 0=33.0°
e #21: |p|=1.96, 0=37.5°, e* #21: |p|=5.83, 0=17.1° 0
e #22: |p|=0.63, 6=85.7 Ipl=7.40, 8=7.0° 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0
© 200 Ey[GeV]
40
100
20
#5%, US. DEPARTMENT cvgosne National Ii‘;havalalrygsa
g 5 .S. Department of Energy laboratory
20 of ENERGY  paoamsumsmettneyeboracry 1 ; 3 " s ; Argon ne ®
= Ip(e)| [GeV]

NATIONAL LABORATORY




J/¥Y MC CAMPAIGN

¢

2
t_MJ/V/

2Mp + M3z, —t = 2W

Pt —p*
P+ 4 P+

Hall C Parameters (1M Events): Top 25 “most likely” events

e~ 0 vs |p| with associated e*

o e #1:|p|=0.69, 0=83.0°, e* #1: |p|=7.15, 6=6.7°
o e #2:|p|=1.18, 6=60.7°, e* #2: |p|=6.62, 6=7.1°
o e #3:|p|=1.00, =68.0°, e* #3: |p|=6.94, 6=4.4°
160 e e #4:|p|=7.28, 6=1.8°, e* #4: |p|=0.40, 6=133.0°
o e #5: |p|=1.56, 0=45.1°, e* #5: |p|=6.39, 6=13.7°
o e #6: |p|=0.33, 0=153.7°, e* #6: |p|=7.67, 6=3.9°
o e #7:|p|=3.79, 0=28.6°, e* #7: |p|=3.60, 6=21.0°
140 o e #8: |p|=2.34, 0=37.3°, e* #8: |p|=5.77, 6=13.1°
e e #9:|p|=7.02,6=10.6°, e* #9: |p|=1.05, .
o e #10: |p|=0.90, 6=72.3°, e* #10: |p|=7.03, 6=3.8°
120 o e #11:|p|=4.25,6=22.9°, e* #11: |p|=2.76, 6=31.4°
o e #12: |p|=2.55, 6=32.0°, e* #12: |p|=4.80, 6=21.0°
o e #13: |p|=0.80, 6=75.4°, e* #13: |p|=7.07, 6=6.5°
o e #14: |p|=4.11, 6=20.2°, e* #14: |p|=2.51, 6=37.8°
100 4 o e #15: |p|=3.07, 6=30.1°, e* #15: |p|=3.27, 6=28.5°
z o e #16: |p|=4.44, 06=22.4°, e* #16: |p|=3.66, 6=23.0°
= o e #17: |p|=6.85, 6=8.4°, e* #17: |p|=0.50, 6=106.3°
o e~ #18: |p|=6.58, 6=10.7°, e* #18: |p|=0.73, 6=79.2°
& g =1.74, 6=45.3°, e* #19: |p|=6.03, 6=12.7°
e #20: |p|=4.74, 0=16.2°, e* #20: |p|=2.97, 6=33.0°
e #21: |p|=1.96, 6=37.5°, e* #21: |p|=5.83, 6=17.1°
e- #22: |p|=0.63, 6=85.7°, e* #22: |p|=7.40, 6=7.0°
60 - =1.76, 0=49.1°, e* #23: |p|=5.68, 6=10.1°
e #24: |p|=5.96, 6=10.5°, e* #24: |p|=2.10, 6=41.6°
e #25: |p|=7.05, 6=1.5°, e* #25: |p|=0.44, 6=125.3°
40
20

T T

1 2 3 4 5 6 7
|p(e7)] [GeV]

#“"% U.S.DEPARTMENT  Argonne National Laboratory is a

)] U.S. Department of Energy laboratory
9/ of ENERGY

), managed by UChicago Argonne, LLC.
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10

'» = J/yp Phase Space (Top N Overlay)

O0O0O0O0O0O0O0O0OC0OCOCOCOCOOGOOOOOGOEOOEOEODTS

#1: E,=9.03 GeV, |t|=2.24 GeV?
#2: E,=8.95 GeV, |t|=2.15 GeV?
#3: E,=8.96 GeV, |t|=1.92 GeV?
#4: E,=8.98 GeV, |t|=2.45 GeV?
#5: E,=8.94 GeV, |t|=1.86 GeV?
#6: E,=9.06 GeV, [t|=1.99 GeV?
#7: E,=9.03 GeV, |t|=3.08 GeV?
#8: E,=9.04 GeV, |t|=1.76 GeV?
#9: E,=9.00 GeV, |t|=1.74 GeV?
#10: E,=8.93 GeV, |t|=1.87 GeV?
=8.92 GeV, |t|=3.58 GeV?
.97 GeV, |t|=3.05 GeV?
.92 GeV, [t|=1.95 GeV?
=8.99 GeV, |t|=4.43 GeV?
.98 GeV, |t|=4.95 GeV?
,=8.99 GeV, |t|=1.69 GeV?
#17: E,=9.08 GeV, |t|=3.26 GeV?
#18: E,=8.95 GeV, |t|=3.08 GeV?
#19: E,=9.06 GeV, |t|=2.42 GeV?
=9.00 GeV, |t|=2.43 GeV?
=9.07 GeV, |t|=2.42 GeV?
#22: E,=9.02 GeV, |t|=1.86 GeV?
=9.08 GeV, [t|=3.07 GeV?
: E,=8.90 GeV, |t|=1.58 GeV?
#25: E,=8.94 GeV, |t|=2.72 GeV?

7.0

7.5 8.0

8.5 9.0 9.5 10.0 105 11.0
E, [GeV]
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t_MJ/l//

COMBINED PRELIMINARY SETTINGS * ~ 2w+, 2w

HallCv2: e~ and e* 0 vs |p| HallCv2: J/y » e* e~ Phase Space
- o —
- - '. l‘ =, mEanm k. filtered
- -m - LB + £
ra - . Teas " eyt " . . e filtered lAger
L L L n
160 - - . I .. L .. - .
-m
- 4
L = L 100 8
L
140 A
60
-
120 n 50
10° g 61
. 40 -
L £ £ a
N = 2 o
4 H o o
_ 100 Z b 2 >
g z H 3 )
o 20 5 =
(3 Q
80 10 2
102 g 44
o
HallCv2 0 <
60 -
40 4 10t 2
20
. p E— -
- . . . . . -
= . 7.5 8.0 8.5 9.0 95 10.0 105 11.0
- " . . " 10 E, [GeV]

|p| [GeV]
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6 [deg]

COMBINED PRELIMINARY SETTINGS

160 -

140 -

120 A

]
100 -

80 -

60 -

40

204

HallCv2: e~ and e* 0 vs |p|

o)

- - "
[] [] LI N ] k e~ filtered
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ra" "ane . ‘l - " " eriltered
- - - -

L] L] L] L]
-. . ..II. .ll -
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L]

L 104

60
-
I 50
. 40
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HallCv2 0
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|p| [GeV]
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All events per bin (log scale)

10t

10°

[t] [GeV2]

t—M},W
2MZ+ M3, — 1 —2W

5:

HallCv2: J/y » e* e~ Phase Space
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HISTOGRAMMING AND UTILITY SANDBOX (HAUS)

[} o Argonne |Agerhaus (v1.3)

» Decided to make some sort of utility e e
sandbox for me to play with detector —
kinematic settings (HMS and SHMS) :

* Mainly, to produce some critical
histograms on the fly

» Avoids discretely going to-and-fro from
one setting to another to produce phase

Load Egamma-t... Leptons: 1_seed_4_lepton_momenta_tagged.npz Load Leptons...

Tab2 Tab3

space
Enable center overrides
HMS — tighten (optional)
* Inputs: o——
« Chopped version (as .npz) of the e
IAger output root file o titien (sdeg) 0.00 2
Can also use take IAger .root files without the Angle units:
chopper step Angles in degrees <)
Ignore ¢ cuts
» Detector config file (as .json)
Apply
Save Snapshot

* In principle can be tailored to
include any quantity and any Argonne &

d ete Cto r Showing 5494 /10000000 events. | EyE[9.72, 11] | |t| n
€[0.406, 2.14]
Ideally, you select (t,E_gamma) pairs in bunches and have lAgerhaus
§7% US. DEPARTMENT  frgonne National Laboratory < o ive me the HMS and SHMS settings on the fly..
(@ oenERGY SEERIIE g g y Argonne &
NATIONAL LABORATORY




HISTOGRAMMING AND UTILITY SANDBOX (HAUS)

* Modified GUI to fulfill the criteria we
would like to fulfilhave in the :

» Wanted the polar densities plots (fans)
and the |p| vs. theta plots (bananas/
clavicles) to be shown on fly

» Wanted to be able to manually select
points in the [t| vs. E_gamma phase
space and output SHMS and HMS
settings

+ Wanted to be able to manually select

points SHMS/HMS bananas and output
HMS/SHMS settings AND (|t|, E_gamma)
pairs

“"4 U.S. DEPARTMENT sfg o nal -’Ebmé oryisa C 5 ) o
Y ! it of Energy Iaboratory )
Q) of ENERGY Saoemimsmetoeioy shorccyy Argonne
NATIONAL LABORATORY




J/'¥Y PHOTOPRODUCTION IN HALL D (GLUEX)

Adhikari et al. (GlueX). Phys. Rev. C. 108 (2023)

Alternative mechanism of J/y photoproduction from Du et al. suggests = a A 4+t
dominant contributions from open-charm exchanges (i.e. A.D and A D*) T E h h T »jh+++
~ r . ' t 1
> Total cross-section of said model shows good agreement with the 3 i _L”f + R
GlueX measurements <t + H <

H
<

- Data shows structures peaking at both the A_.D and A _.D* thresholds

— interpreted as cusps expected with this reaction mechanism e GuX

—4— Cornell
------ M.-L.Duetal (g, =1.0GeV)
M.-L.Duetal (g, =12 GeV)

» However, such heavy hadron exchange in this model implies a very
shallow t-dependence in the differential cross-section L2l

> Not supported by steeply falling differential cross-sections

> Differential cross-section measurements do not support dominant
contribution from open-charm exchanges

.........

| I
90 95 100 105 110 115
E, [GeV]

» Enhancement at high t in the lowest Ey bin, maybe?

» High t enhancement may be explained via u-channel
contribution assuming factorization in terms of Transition &F
Distribution Amplitudes

Challenge on the GFF extraction/interpretation as the t-dependence sees a dip

&% U.S. DEPARTMENT frgonn
@/ of ENERGY nanss




Chatagnon et al (CLAS12). arXiv:2602.22128

CLAS12 J/¥ PHOTOPRODUCTION iz

Constant & line
o J/y-007 (2023)
& GlueX (2023)
m  CLAS12 (this work)

o]

Recent CLAS12 measurement of near-threshold J/y

photoproduction provides new data on the total and differential
cross sections

. &=07

§=06

—t [GeV?]

Consistent with existing world data across overlapping kinematics o
>~ Smooth energy dependence near open-charm thresholds — A0 %

£=0.4
threshold-induced distortions of the unpolarized cross section LR YT TR
may be SUbtle O g 9.0 95 16.0 105 11.0
E, [GeV]
10° E,in [8.20, 9.10] GeV Eyin [9.10, 9.25] GeV E,in[9.25, 9.40] GeV E,in [9.40, 9.55] GeV
It o $ # ? “‘;T Lowest E, bin lies above
IR ? i GlueX 8.2 GeV t0 9.28
GeV bin P SN
100 E,in[9.55, 9.72] GeV o E,in[9.72,9.85] GeV Q¢ Ey,in [9.85, 10.00] GeV o? E,in[10.00, 10.15] GeV ol S _,_ ———————
Y By i ¥ 5
Tl Ve - t | * :
2 o pe ¢ / Measured cross-section to # CLASL2 {this work)
€ 10 F Lo AR e Holographic (2022)
8fs moderately high values of GPD (2023)
100 E,in[10.15,10.32]GeV{ o  E,in [10.32, 10.45] GeV %; E,in [10.45, 10.60] GeV % Eyin [10.60, 11.50] GeV H H H _1l4 X33 JPAC 3C-NR (2023)
%1”'4@ 4y ﬂ’ o [t| still limited 107y — P-dyn (2025)
o "t f T T ° . X 95 10.0 105
$ J/y-007 (2023) T T i $ E, [GeV]
1071 4 GlueX (2023) T
# CLAS12 (this work)l f

~t(Gev?] Argonne &
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