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Photoproduction of the J/ meson near its production threshold

J/y photoproduction near the energy threshold

vp — J/ pl = eTe

* At the energy production threshold, the t-dependence of the cross-section
allows to access gluon Gravitational Form Factors (GFFs) and the mass radius of
the nucleon.
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Coupled channels and pentaquarks

* The previous considerations rely on the
application of Vector Meson Dominance.

* Thus the contribution from open-charm meson
channels and potential pentaquark must be

understood or ruled-out.
/
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See Y. Guo, X. Ji, Y. Liu, “QCD analysis of near-threshold photon-proton production of heavy
quarkonium”, PRD (2021) and D. E. Kharzeeyv, “Mass radius of the proton”, PRD (2021)
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Recent results from JLab
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Experimental setup
and analysis strategy
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The CLASI|2 detector package

Central Detector
* Solenoid magnet
* Tracker

* Time-of-Flight

* Neutron detector

Beam

» 85% longitudinally polarized e
* Max. luminosity: 10% s-'ecm-?

* Energy up to ~10.6 GeV

* Proton

* Deuterium

* Longitudinally pol. H/D
* Nuclear targets
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Forward Detector

Torus magnet

Drift Chambers
Time-of-Flight
Calorimeters
Cherenkov counters

6/

Forward Tagger

Calorimeter
Time-of-Flight
Tracker
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Exclusive dilepton event selection

Wwhat we want to measure \
— oA/

Yp — eTe p

what we can wmeasure with CLAS1R

ep — (€)yp — (¢/)eTe™p’
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Exclusive dilepton event selection: Exclusivity variables
1) CLAS12 PID + Positron NN PID l
/ - /!
ep — (e )yp — (X)eTe p
DX = Pbeam + Pp — Pe= — Pet — Pp === 2) |M%| < 0.4GeV? — 3 ) Q? < 0.5 GeV?
Proton identification Lepton identification
: Cherenkov counters + Calorimeter energy deposition
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Exclusive dilepton invariant mass spectrum

ep — (" )yp — (X)eTe p/

w
= - w,p . . .
5 P Timelike Compton Scattering
8 — P. Chatagnon et al. (CLAS Collaboration), Phys. Rev. Lett. 127, 262501 (2021)
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Total cross section computation

)
Nunber of )/Pst from data

Nuwmber of photons
and Number of targets

Radiative
corvections
from MC

Reconstruction
efficiency from MC

Normalization
factor
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) Number of }J/{ from data
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1) Normalization factor - Overall strategy for the background modelization

l)  Event mixing procedure from data : CLAS12 Preliminary - Dilepton final state
* Randomly select electron, positron, proton g Data Passh (11815.0)
(from different events) @G 500/ — o coack 503
*  Construct kinematics and make sure they 4005_
are within the region of interest: -
(M_>2 GeV, [MM|2<0.4 GeV2, Q2<2 GeV?) 3008t Signal
‘o éReglon
-
200 5 o4t
2) Reweight events to match data in the training 100
$

‘only”

region, using a BDT-based method from Alex
x

Rogozhnikov 2016 |. Phys.: Conf. Ser. 762
012036. Code available here.

1 1 1 1 I
[ ] MC Uncert.

0 05 1 15 2 25
Q? [GeV]

Data/MC ratio
o

3) Validate the weights on the validation region.

4)  Apply weights on the signal region and obtained
BG-subtracted yields
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https://iopscience.iop.org/article/10.1088/1742-6596/762/1/012036/pdf
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1) Normalization factor - Data/MC comparison in the signhal region
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Results from the CLAS| 2
experiment

Extraction of the cross-section of the near-threshold photoproduction of J/y with the CLAS | 2 experiment — Pierre Chatagnon — 0% of July 2024 — QNP2024



Results and interpretation eeeeee 150

Kinematic coverage and binning
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Preliminary total cross-section results

101

<+ CLAS12 (this work) ¢ GlueX (2023)

g f

Ly

'@' m_ ¢ i * Only the dominant normalization
+ _E systematic (17%) is included in the
* 0 CLASI2 results.
+ * Both cross-sections are in agreement
L+ and errors (statistical and
systematics) are of similar size.
No clear conclusion concerning a

potential dip in the open charm
+ ‘ threshold region.
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Differential cross section coverage and binning
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Preliminary differential cross-section results
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Dipole fit and interpretation in term of mass radius
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[nb/GeVv?]

11.5 - :
E, in [8.20, 9.28] GeV E, in [9.28, 10.00] GeV ' T
100 vinl ] 160 vinl ] lei Hall C-007 (2022)
] dojdty = 2.16+1.55 nb/GeV? ] do/dty = 3.27+0.77 nb/GeV? ¥ Gluex (2023)
ms = 1.28+022 GeV ms = 1.23+0.07 GeV % CLAS12
fm = 0.53£0.09 fm 1 fm = 0.56+0.03 fm 11.07 1
1071 4 1071 4 Ho
10~2 3 102 E 10.5 - i
e
1073 4 103 4 10.0 - .
T T T T T 1 T T T T T T 1 —
0 1 2 3 4 5 6 o 1 2 3 4 5 6 7 >
o
E, in [10.00, 10.60] GeV =
107 3 L”
" E do/dt; = 5.74+3.59 nb/GeV? 9.5 .
ms = 0.99£0.14 GeV | = |
] 0.69+0.10 f do do | 1 T | |
Im = W U, m —, .
10-1 " dt dt 10" (1—t/m2)* H——e———
] H—e—
9.0 - .
—e—
1072 <,r,2 > — v 12
] m ms o5 |
{— M it ® CLAS1Z ’
10_3 4 — ROOT fit
3 T T T T 1 -_— = . P .
0 1 2 3 4 5
_ 2 T T T T T T T T T 1
t [GeV~] . . ; 1.0 15 2.0 2.5 03 04 05 06 07 08
See D. E. Kharzeev,“Mass radius of the proton”, PRD (2021) me (GeV) Mass Radius (fm)

Extraction of the cross-section of the near-threshold photoproduction of J/y with the CLAS | 2 experiment — Pierre Chatagnon — 0% of July 2024 — QNP2024



Results and interpretation eeeece

Toward GFF extraction including CLAS |2 data (work in progress)

20721

Model dependent extraction of GFFs

* Holographic QCD model

JIp near threshold in holographic QCD: A4 and D gravitational form factors,
Kiminad A. Mamo and Ismail Zahed, Phys. Rev. D 106, 086004,2022

do __ 2 A+’ D@))]* £
E‘N264w(s—M§,)2[ ()Ag(o)()] - F(s)-8

e Generalized Parton Distribution
model

QCD analysis of near-threshold photon-proton production of heavy
quarkonium, Yuxun Guo, Xiangdong Ji, and Yizhuang Liu, Phys. Rev. D 103,
096010, 2021

o @ et 6ras)?
9 = sy Sl | on r(0) 2IG (2, €) P

GFFs tn 6 (£,8) |—

* GFF parametrization

D)= 29 __ A(t) =

O-75)°

A(0)
-7

See T.-J. Hou et al,, Phys. Rev. D 103, 014013 (2021) for A(0) value
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.Take-aways and outlook

* Photoproduction of J/\ has become a flagship measurement for current and
future JLab experiments.

* New cross-section results from the CLAS|2 experiment have now been released.

* Current work is dedicated to wrapping-up the analysis note for publication in
the next few months.

* Strong efforts to interpret these data, and expand upon the capabilities of CLAS | 2
(measurement on deuterium target and muon final state analysis).

Thank you for your attention
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Back up

B Positron PID

One important challenge: a clean positron identification Al identification of the positrons Performances of Al identification of the positrons

Pian backgrownd at large maments
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One important challenge: a clean positron identification

Pion background at large momenta

At high momenta (typically above the HTCC threshold at 4.5 GeV), both pions and leptons will emit Cherenkov light.

-G
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T — s 10
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Al identification of the positrons

Strategy and discriminating variables

* Leptons produce electromagnetic showers and tend to
deposit energy in the first layers of the calorimeters.
* Pions are Minimum lonizing Particles in the GeV region,

they deposit small amounts of energy all along their path.

* Two main characteristics to use:

| E4e.p (EC Layer)

SFEC Layer — J=

2.
Zstrip(at—D)Q-ln(E)
M2 — % ZU,V,W Zstrip IH(E)
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Performances of Al identification of the positrons

Strategy and discriminating variables

* Leptons produce electromagnetic showers and tend to
deposit energy in the first layers of the calorimeters.
* Pions are Minimum lonizing Particles in the GeV region,

they deposit small amounts of energy all along their path.

* Two main characteristics to use:

. Eg4ep(EC Layer)
. de yer
SFEC Layer — - J=

2.

Zstrip(a:—D)Q-ln(E)
M2 — % ZU,V,W Zstrip IH(E)
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Data and MC samples
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Selection cut systematics
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Data and MC samples

* Analysis on Pass 2 data. All main Fall 18 (Inbending and outbending) and Spring |9 runs are processed.
* Simulations are processed through OSG with pass 2 configuration

* The QADB tool is used to clean-up data and retrieve the accumulated charge per DST files

* The RCDB interface of clas|2root is used to retrieve the beam current for each run

* Accumulated charge is computed per beam current for each configuration

Config / Beam currents / Charge

| Fall 18 In. Fall 18 Out. Sp. 19
Generator | 45 nA 50 nA 55 nA 40 nA 50 nA 50 nA
_ 26.312 mC 4.000 mC 5355mC | 11.831 mC | 20.620 mC | 45.994 mC
Grape 8.2M each 6.7 M
TCSGen 2M each .5 M
JPsiGen 2M each
JPsiGen (No rad.) 3M each
Total of 24 MC samples and 3 Data samples
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https://github.com/JeffersonLab/clas12-qadb
https://github.com/JeffersonLab/clas12root/blob/a7ba949fc92ed355e47f993f8342b0acb4b9303d/RunRoot/Ex8_RcdbReader.C

Radiative effects

* Inclusion of radiative effect is done in all generators according Gen. radiative correction check
to formulas in: Matthias Heller et al. Soft-photon corrections to the gE = |
bethe-heitler process in the yp — I+I—p reaction. PRD 8 .

e The |psiGen, TCSGen generator with radiative effect are on ng : Radiative tail at the ‘

Github, as well as an event converter for Grape 5 generator level

...not yet on OSG
* A full note on the algorithm is ready and will be included in the

analysis note.
* The work was presented at the CLAS collaboration meeting in

July 23.

Ratio
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.076012
https://github.com/JeffersonLab/JPsiGen/tree/Rad_Corr
https://github.com/JeffersonLab/TCSGen/tree/Rad_Corr
https://github.com/PChatagnon/Grape_Rad_Corr
https://indico.jlab.org/event/724/contributions/13105/attachments/10013/14848/RadiativeCorrections_for_BH.pdf

Photon flux

2)

3)

4)

Real and virtual flux are provided event by event by the |PsiGen Generator.

The integral over the range of energy of the bin j is done using the
integral/mean theorem:

Ferj = f FedE = AEZ i

Each flux (one per configuration) is multiplied by the corresponding
accumulated charge:

Fi=>..Cc

(EGEN/i)'wz

N
—1 Wi

Total number of photon in
the bin j in unit of e

e/

The results is multiplied by the luminosity factor to recover the correct
normalizing factor:

[ — LpNa-C

€
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Photon Flux

Photon Flux
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https://github.com/JeffersonLab/JPsiGen/blob/eb40dd934bb9f022873414a57e0dad9d1ccbcbdf/src/KinFunctions.cc#L38

Detection efficiency

2)

3)

4)

From the data fit a second
order polynomial
background function is
extracted

Events are generated
according to this
background function and
added to the Jpsi signal MC
sample

The obtained distribution is
fitted with the same
function as the data

The acceptance correction
is then:

Nj/w‘j/REC

€; =
J
NJ/"’blj/RAD

.. » 300
CLAS12 Preliminary €
£ 9o Z
e = I ) —e— Data (864.0) 250
% Jyfit (176.3 + 19.1)
70
M + X2 31.9, NdF 15.0, XZNdF 2.1 200
60— +
oF- + 150
“F Bacl d functi
of ackground function _
205—
10[- 50
Feov il il Ll Y i S S S
9% 27 2.8 29 3 32 33 34 35
M 9

CLAS12 Preliminary
9000

events
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1000

I v (1707.802545), 6=691.2 pb
I v (259.662316). 0=691.2 pb
I v (347.621417), 6=691.2 pb
Il v (767.875068). 6=691.2 pb
SssilP’), 6=691.2 pb
F7), 6=691.2 pb

9.8 2 22

2.8 3 3.2 3.4

M_Gen_2
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Acc

0.1
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0.02

0.038
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nb JPsi 860 5
Jy fit (7284 £32.9)

X* 1985.0, NdF 15.0, X*/NdF 132.3
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0.113

0.086

4)

0.064

0.017

Acceptance is of the
order of 5-10%
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Radiative correction

|) Jpsi samples without radiative effects are
produced

2) The radiative correction is defined using
the GEN kinematics as:

Ny j/RAD

€CRad/j —

Ny j/GEN

Rad. Corr.

4.5

3.5

2.5

1.5

g

I|||I||||III|||II|||I|||||II|||I||||I|L|

1.564

1.256

1.122

1.022 004s
: 0.881
0.825 0.814 0.765

o
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— Implementation of ad-hoc smearing
to reproduce resolution in MC and
reduce this systematic
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Selection cut systematics o
\Y, o is, ex o) izatio or, i Wi i uts:
 Every step of the analysis, except hormalization factor, is repeated with different cuts:
- Q’DONE * Lepton momenta cut To be done
- |MM|> DONE * Lepton ID cut To be done
* Fit function e Proton PID To be done
Q2 cut Resolution effect -
7 2 o Fit function
e E Missing mass cut T
) 1-8:_ g 2; —e— 0.4 GeV? © 4"8; e
E i T ya
E 1,45— . \ 4"4;_
IVQ, E_ 12 E— 12 +
IE_ *E— »|; I HH ——
v = 08— 08— -t
0,65— 0.6f— U,Bf— .
*E 04— 04— g e
02 E— s f— e . E_ - -
£ 8 5 et . - |
s %E = g w= e
LR £ o s 2 o
R ————— i R L ———
8.5 9 95 10 10.5 —-10= * 2 . . = i I
E, [GeV] 85 ° s 0 O'Ea [GeV] = HE E5 g 95 10 105
E, [GeV]

— Variation of the signal function to
be added
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Radiative correction effect

* The standard CS is extracted using the Radiated |psi MC samples and radiative correction

* The alternate is using non-radiated MC samples
* The effect is of the order of 10% (GlueX quoted 8.5%)

Rad. Corr.
T E
CIRT = —&— With rad. corr.
16— No Rad.
14— \
1.2 :_ { ——
08— e - ’
— —llh—
04— T .
— I s
— ; ‘—L"-'_\I 1
2 0
& 10
© =
i:" —20 E_
-0 55 3 95 10 105
E, [GeV]

+ Closure test (Implemented but not presented here)



Bin volume correction

1

!

3
000&( do
o

V = Ratio Area within boundary / Area rectangle

\

tmin bOUndary

Ny/p/j

dt 1j —

2 84 86 88 9 92 94 96 98 10 102
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L
10.4
Ey

Fj ~£-wc/j -B-€; ‘€Rad/j V- At

* In practice is this readily done using integral of
functions in root

~ f_Bin_limit_T_min_function
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Integrated t-dependent cross-section

The integral of the t-dependent cross section is done bin-by-bin: o = Z At
o dt
* And compared to the total CS J

g 2oF Ey € 18.2,9.28|GeV 5 ,oF E., €19.28,10.36]GeV
© o Integrated CS CLAS12 [ o '2;_ Integrated CS CLAS12 |
18F- Integrated CS GLUEX N s Integrated CS GLUEX |
1.6— | =
- T | 1.6E T l
14 14F-
T il
0.8;— + —+; 0.8;— x —+I
0.6 0.6— 1 T
0.4 . * ‘+‘+ 0.4 i 4 44
0.2F 41: *li 025, A 1
T |A:|:l:|—1 [ cvo v e P by Py g | LI_I_A':I:.J_1 e vy e b e by e by
8 8.5 5 9.5 10 10.5 11 11 8 8.5 9 9.5 10 105 11 115
Eg [Ge Eg [GeV]

* Good agreement between integrated t-dependent CS and Ey-dependent CS



Deuterium target and muon final state

Deuterium data were taken by CLASI2 in
2019/2020.

Opportunity to measure J/ production on
(bound) neutron and (bound) proton.

Alongside this analysis, a framework to explore the
muon decay channel was developed.

This effort is lead by R.Tyson from University of
Glasgow.

Bound proton

e+ e- Invariant Mass

120

100

80

60

40

20

'U'lllllll\llllllllllllllll\

26

27

28 29

Jhy Yield 22421275
Mean 3.063 £ 0.005
a 0.05402 + 0.00726
1st order coef 81.44 +8.41
2nd order coef =167 £22.9
3rd order coef 82.84 + 68.00
offset 13.8+2.2

3 31 32 33 34 35
Invariant Mass [GeV]

u+ p- Invariant Mass

Jhy Yield 130.9 £ 26.7
| Mean 3.082 + 0.006
o 0.04414 + 0.00739
S0 1st order coef 61.74 + 9.44
- 2nd order coef —275 + 64.0
C 3rd order coef 4243 +195.9
40— offset 6.414 + 2.563
b W N"(
20—
10— E
Ll P I Ko n L
9.5 29 3 3.1 3.2 3.3 3.5
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3.4
Invariant Mass [GeV]

Bound neutron

e+ e- Invariant Mass

Back up

Jiy Yield 151.9 £26.2

Mean 3.095 £ 0.004

100 o 0.02802 + 0.00511

- 1st order coef 183.7+99

= 2nd order coef -212.5+616

r 3rd order coef —51.59 + 149.53

80— 37.6+29
60—
40—
20—

L 1 1 1
8.8 2.9 3 31 3.2

u+ p- Invariant Mass

33 3.4 35
Invariant Mass [GeV]

Jhy Yield
Mean

o

1st order coef
2nd order coef ~ —68.22 + 35.84
3rd order coef

37.47 £12.09
3.082 + 0.008
0.03251 + 0.00988
2552 +7.10

57.09 + 124.49
4.061+ 1.271

[TTT[TTT[TT T[T T[T T T[T T T[T TT[TTTI]T
RN LN RN LR RN R

|||||

Taken from R.Tyson PhD analysis, Univ. of Glasgow

33 3.4

3.5

Invariant Mass [GeV]



Tagged )/ quasi-photoproduction with CLASI?2

ep — e J/p — el (X)

* Analysis conducted by M.Tenorio Pita, ODU.

* In this case, one electron in the Forward Tagger
(Low lab angle <5°) and a lepton pair in
CLASI2.

* Excellent cross-check of the quasi-
photoproduction approach.

* Early results show low statistics, the new data
“cooking” including better tracking efficiency
will be beneficial for this analysis.

* Other event topologies will be explored.

My, GeV

Other potential J/y analysis using CLAS|2 data

3_
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- Awvailable data for longitudinally polarized proton target
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30

25

20

15

10

IIII|IIII{IIIIITIIIIIIII'IIIIIl

III|III|IIJ

11|

|

5191

2473
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8475 = 1965
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