New results on exclusive J/iy photo-
production near threshold with GlueX

+,— Lubomir Pentchev
P — J/l//l? eE P (GlueX Collaboration)

= New preliminary results: total and differential cross section in the full near
threshold kinematic region - based on full GlueX Phase-| dataset
* GlueX detector

« Data analysis: JAhp identification, normalization
- Total cross section (from threshold £ =8.2-11.44 GeV)

. Differential cross sections: three Ey slices, each 1 m(Ey) -t (E)

m y
» |nterpretation of the results
» Phenomenology - forward cross section at threshold (t — 0, E, — E,.)

* Gluon exchange: asymptotic, VMD, GPD factorization models
* Open-charm exchange

» Discussion: relevance to the gluon properties of the proton
= Qutlook



GlueX detector
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Diamond Radiator Electron Collimator GlueX
East ARC Beam Dump Spectfrometer

Photon beam from coherent
Bremsstrahlung off thin diamond
Photon energy tagged by
scattered electron: 0.2%
resolution

Beam collimated at 75m, <35 urad
Intensity: ~2 107 - 5 107 y/sec
above J/ threshold (8.2 GeV) —
total ~320 pb-1 in GlueX phase-|
runs

T N | O S T— [Integral 320.3]

Luminosity, pb’!




GlueX detector

2T-solenoid, LH target
Tracking (FDC,CDC) , Calorimetry (BCAL,FCAL) , Timing (TOF,SC)
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« Hermetic detector: 1 — 120° polar and full azimuthal acceptance
. Tracking: 6,/p ~1—-5%

. Calorimetry: op/E ~ 6 %/\/Z_Z +2% ’



Exclusive reaction yp — J/yp — eTe p

« GlueX detector has full acceptance for this reaction - direct measurement of the total
cross section - no need to extrapolate to low/high t

e | s |

Il‘i_lll e
~’:va1 = A
Py

« Electrons separated from pions by E/p — energy deposition in the calorimeters over
measured momentum (pions >103 times more than electrons)
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Tagged photon beam (0.2% energy resolution) and exclusivity of the reaction:

e*e- invariant mass spectrum
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([ 2 /ndf 59.9/40 | I THNARAN
| constant 4148560 | T 1 TH
 slope ~125.6 £ 17.6 |-y TR
amplitude 272.7 + 39.9 ?

| mean, 3.096 = 0.000

H RM.S.,  0.008942 = 0.001142

-| amplitude, 95.28 = 43.13 |

i R.Il\/I.S.2 0.02192 = 0.00446 i i -

1 1.5 2 2.5 3 3.5

M(e*e), GeV

Kinematic fit (constrained mostly by the recoil proton): 13 MeV mass

resolution;

no radiative tail

Jly yields extracted from fits of M(e*e ™) distributions
BH(1.2 — 2.5 GeV) used for normalization



yields/180 MeV
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Preliminary results: total cross-section

- loBH
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- Yields (N,,, and Ng,) extracted from

fits of M(eTe™) and p/E in bins of
energy

* ogy Calculated using analytical and
numerical calculation of e.m. tree
level diagrams

» Systematic errors of individual data
points assigned to max deviation
when varying fitting methods

» Errors dominated by statistics

» ~20% overall normalization error
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Preliminary results: total cross-section

L

yields/180 MeV

- 'Pr'éliminaryf'
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1.5
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Njsy(Ey) opu(E~)

- Yields (N,,, and Ng,) extracted from

fits of M(eTe™) and p/E in bins of
energy
* ogy Calculated using analytical and

numerical calculation of e.m. tree
level diagrams

» Systematic errors of individual data
points assigned to max deviation
when varying fitting methods

» Errors dominated by statistics

» ~20% overall normalization error

* No “dip” seen in BH and also in the

yp — (pp)p reaction, where M(pp)
fixed at J/y mass
« Statistical significance of the two

“dip” points 2.60; if include look-
elsewhere effect - 1.30

epH(FE~)

~ NpBu(EY)

Bijy  €5/u(Ey) 8



-t, GeV?

Differential cross-sections
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8.5 9 9.5 10 10. 11
E,, GeV
E(E 1) = Mo : !
dt L(E)[nb=11/0.045GeV area(E,1)[GeV - GeV?] e(E, 1)

Event-by-event weighting by luminosity
Dots - mean energy and t-value for the corresponding bin
Results reported at mean energy for corresponding slice

Deviations due to bin averaging included in the systematic errors
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Differential cross-sections - forward extrapolation
0.2182/3 | | x*/ ndf 38.712/7

do/dt, nb/GeV?

1.453 = 0. 07444

%2/ ndf 977719
do/dt(0) 4.184 + 0.5407

1.314 = O 04871

T e U e N R,

w2 / ndf
do/dt(0)  3.121x 2.23 | do/dt(0) 2.303 = 0.3997
Mg 1.089 = 0.1722 Mg
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107!
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Co] e 10 36-11.44 GeV OO0 SRR HERRORED AOoe-OR00s 000N AOSSSSSSSSRRRORORRRRR NN
~| —e— 9.28-10.36 GeV S SN S s S
.| ——8.2:9.28 GeV o | ....... e e
0 2 4 6 8 10
-t, GeV?
E, Gev |8.93 9.86 10.82
o> GV (1fyp c.m.)|0-499 0.767 0.978
doldt(0), nb/GeV? [3.121+2.23 2.303 £ 0.400 4.184 £ 0.541
m,, GeV 1.089 +0.172 1.453 +0.074 1.314 + 0.049
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Forward differential cross-sections - threshold extrapolation

20 —e— GlueX | T 1/ Even-power polynomial fit
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- do/dt(O) 2039 +0.378
6:_ ..................................................................... T(O) 3.095 = 0.5883
A 27 ndf 291375
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2/ Gryniuk, Vanderhaeghen PRD94 (2016) e GEV ¢ 100+
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ch N
2 [e's} ImTl//p I/, (Sk? ) —_ N 2
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T ), V@r-1?) p? skip ¥ 104 } 7+ PRD94(2016)
P, - subtraction constant T(0) ! 2 s B
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5 T 100
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Forward differential cross-sections - model dependent

applications
1/ JIw — p scattering length: 7 20
o w "rp i
13.4x3.8 mfm, 17.9 £ 1.7 mfm || = Z(O) — - using VMD
_ _ thr] O T
very weak J/y — p interaction
g 0.9¢ i i i i i
2/ G o
/ g 08 A A B A e 6 dG
R £ I A B S S Im = T
£ 065 % m 4 limo @
Y| — T = %}f ,,,,,,, - D.Kharzeev PRD104(2021)
= 0af | ‘ ‘ ‘ e —
03 o o [~=— Gluex 2018
02 uiyC | e
0.1 EP[e”m‘"‘f’y """ F | —#—charge radius
) P SN RPN VRIS PRI RPN AP B
8.5 9 9.5 10 10.5 11 11.5
E,,GeV

3/ Relation to GFFs - QCD: Guo, Ji, Liu PRD103 (2021); holographic: Mamo, Zahed PRD104 (2021),
Hatta, Rajan, Yang PRD100 (2019)

dA(t C@© dA(t C(
=6 O] _,4C0 N O] _ 0O
dt m; dt 1 my;

4/ Anomalous contribution to proton mass: M /My, from do/dt(0), e.g. following:

Wang, Chen, Evelin EPJ C80 (2020), based on Kharzeev Proc.ISPF (1996) -



Total cross section asymptotic - power counting

o(yp — J/4p),nb
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—o— GIueX
—85— SLAC

—A— Cornell
—— Brodsky et al. fit to GlueX

-------- ns=1 (2g exchange)
----------------- ng=0

8 9 10 E,.Gev 20

do’?P
— = /Vm (1 = x)s - F,%s(t), n, is number of spectators in proton

dt
Brodsky et al. PLB498 (2001)

2g exchange alone not enough to describe x-section near threshold
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QCD factorization models
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SR - = R —— Guo, Ji, Liu lattice
: ——-—— Guo, Jij, Liu fit to GlueX
102 i

8 9 10

Ivanov, Schafer, Szymanowski, Krasnikov EPJ C34 (2004)
Ivanov, Szymanowski, Wagner - private communication

Factorization LO, NLO at high energies and low t

QCD models underestimate x-section significantly

Jones, Martin, Ryskin, Teubner, EPJC 76 (2016)
Flett, Jones, Martin, Ryskin, Teubner, arXiv:1908.08398 (Aug 2019)
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QCD factorization models
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Guo, Ji, Liu fit to GlueX
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Guo, Ji, Liu PRD103 (2021)

In heavy-quark mass limit - factorization valid near
threshold (resp. for high t)

- GPD + lattice results forA,(7) and C,()

- Fit to published GlueX data (2019)

QCD models underestimate x-section significantly
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Open-charm exchange
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FIG. 3. Feynman diagram for the proposed CC mechanism.
The dashed blue line pinpoints the open-charm intermediate

state.



Open-charm or gluon exchange dominates?

Experimental observations

open-charm exchange

gluon exchange

possible structures in total cross
section

cusp-like structures at D&)A
thresholds v

no structures X

do/dt enhancement at high t

u-channel - charm baryon exchange v

possible ?

sharp t-slope

expect shallow t-dependance due to
high mass exchange X

consistent with gluon FFs as predicted
on lattice v/

do/dtr - weak energy dependence ? expected from power counting rules?
especially at high t (approx.) v
helicity conservation ? ?
Naturality ? 2g - natural parity exchange
%2 / ndf 1.239/3 || %2/ ndf 3.507/5 N : - - -
PO 1.375  0.6935 || p0 1.53 = 0.2821 % L |7 10.36-11.44 GeV
N> pl 1.678 = 0.4026 || p1 1.26 + 0.3776 Q E i —e— 9.28-10.36 GeV
COe p2 0.00442 = 0.00801 || p2 0.07952 + 0.2152 ‘% - e 8.2:9.28 GeV
3 E p3 i 7”—0.473”81 :9:418767 p3 0.3356 + Q.4655 = B o
= F e e L 8.821/7 s [
5 PO 3.207 = 0.5251 S g NEONg e GL%
5 | pi 1.838 = 0.2868 10 =
~ p2 0.302 = 0.1726 -
107" = p3 0.5406 = 0.1106 o
: N Pt,ellm,mar;\) : ; ; ; : : 3
‘ f 1072 g T
107 i IS S S — s R, S
] —e— 10.36-11.44 GeV S O O O OO O MO SR O I
] —e— 9.28-10.36 GeV N TR PSPPI RTINS IPTITATN AU AAPTIN PATETAT NPT VR PO
|| —e— 8.2-9.28 GeV 0 1 2 3 4 5 6 7 8 9
e
. GeV? Guo, Ji, Liu PRD103 (2021)

Double-exponent fits:

poe™t + pre'

Assuming Cg(t) = — Ag(t)/2




Conclusions

New GlueX data - more questions than answers:

Proximity of the reported total/differential cross sections to threshold in the full kinematic
space allows (more reliable) extrapolation to t = 0 and E,,, and gives access to very

important physics - gluon properties of the proton - however

... assuming VMD, QCD factorization

... assuming relation of the measured cross sections and the gluon FFs

.... assuming gluon exchange over open-charm exchange mechanism:

Total cross section - in agreement with open-charm exchange, while QCD predictions
underestimate the data

Differential cross section - generally consistent with gluon exchange and predicted by
lattice QCD

More precise measurements near threshold (including polarization quantities) are
needed to better understand the reaction mechanism - expect x4 more data from
Phase-l|

Important input from theorists is expected
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do/dt, nb/GeV?
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QCD: high-t asymptotic

%2 / ndf 0.2182/3 | | x®/ ndf 3.712/7
do/dt(0) 3.121+ 2.23 || do/dt(0) 2.303 + 0.3997

mg 1.089 = 0.1722 | | Ms 1.453 =+ 0.07444
1 %2/ ndf 9.777 /9
| do/dt(0) 4.184 +0.5407
1 mg 1.314 + 0.04871

i

T T T TTTIT

[ —e—1036-11.44GeV | -
| —*— 9.28-10.36 GeV
—e— 8.2-9.28 GeV S T
2 4 6 8 10
2
.. _dold1(0) -t GeV
it:

(1 —t/m2)*

T !!!HH;

S

Sun, Tong, Yuan PRD105 (2022)

Asymptotic t-dependance 1/£° (vs 1/t%)
due to helicity flip

Not enough statistics to test the t-
asymptotic

However we can check J/psi helicity
conservation/flip, naturality?

¥2 I ndf 11.43/9 || 2/ ndf 37817

o 1 do/dt(0) 3.518 = 0.4243 { do/dt(0) 1.955 = 0.3054

E . | m, 1.606 + 0.05583 || M 1.767 = 0.08149

2 I 2/ ndf 0.1658 /3

s -] do/dt(0) 2172 +1.215

3 m 1.383 = 0.1719
107 =

—e— 10.36-11.44 GeV
—e— 9.28-10.36 GeV

Preliminary :
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" do/dt(0) -t, GeV?
IT:
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S ( —
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(/ e \)
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e/ separation
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Pion contamination ~50% in the continuum (using p/E fits to estimate it)
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do/dM, nb/GeV
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yp — (pp)p with M(pp) ~ My,

pp flux-normalized yields, nb
o
V%)
F
Jp pp-normalized yields

A — T — _—
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Preliminary results: differential cross-sections

e 10.36-11.44 GeV
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0 2 4 6 8 10
-t, GeV?

do t Ny, 1 1

dr L(E)[nb=1]/0.045GeV area(E,t)[GeV - GeV?] e(E, 1)

» Results reported at mean energy for corresponding slice

 Deviations due to bin averaging included in the systematic errors

using data-driven model
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Differential cross sections - QCD factorization
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Guo, Ji, Liu PRD103 (2021)

do/dt, nb/GeV?

> = e 10.36-11.44 GeV

% = —e— 9.28-10.36 GeV

= B i | —e— 8.2-9.28 GeV

S Al : : : :

< 1() :_ . e T

3 F GlLuE
10—2 E_ .............................................................................................
10—3 E_ ..............................................................................................................................................
10—4 s S s S ..................................................................

o 1 2 3 4 5 6 7 8 9

-t, GeV?

[u—

Pt
<

1072

[ “e— 10.36-11.44 GeV




