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Analysis note

. CLAS12 analysis note:
2 Measurement of the cross-section of the photoproduction of the
s J /1 meson near the production threshold with the CLAS12 detector.

. Pierre Chatagnon'?

* The following material is extracted | Stepan Stepanyma’,
from the note of this analysis.

Richard Tyson?

5 rfu/DPhN, CEA, F91191 Gif-sur-Yvette, France
° . ° 2 . e « e e
PY 6 Thomas Jefferson National Accelerator Facility, Newport News, Virginia 23606
With contributions from Ste pan, . 30]d. Demitaion Usiversity, Notolk, Vizeitia

Mariana, Richard and myself. : February 18, 2025
e Under review since the |8t of

9 Abstract
Fe b ru a r 10 This analysis note details the steps performed to extract the total and differential cross-section
Y’ 1 of the photoproduction of J/1 near the production threshold. The data used for this analysis were
12 taken in 2018 and 2019, with a 10.6 and 10.2 GeV electron beam scattering on a liquid hydrogen
13 target. The aim of this analysis is to publish both the integrated and t-differential cross-sections,
14 as well as the interpretation of these data in terms of gluonic content of the proton.

Link to the analysis note
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https://clasweb.jlab.org/rungroups/tlc/wiki/images/4/4d/JPsi_photoproduction_cross_section_in_Hall_B-12.pdf
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Near-threshold photoproduction of the )/ meson

Quasi-photoproduction of J/{
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Near-threshold photoproduction of the )/ meson
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... one big caveat: the coupled channels and pentaquarks

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

* The contribution from open-charm meson channels and potential pentaquark
must understood or ruled-out.
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Previous results from JLab
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Data, MC &
analysis tools
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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 clasl2root 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 5355 mC | 11.831 mC | 20.620 mC | 45.994 mC
Grape 8.2M each 6.7 M
TCSGen 2M each |.5M
JPsiGen 2M each
JPsiGen (No rad.) 3M each
Total of 24 MC samples and 3 Data samples J,
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https://github.com/JeffersonLab/clas12-qadb
https://github.com/JeffersonLab/clas12root/blob/a7ba949fc92ed355e47f993f8342b0acb4b9303d/RunRoot/Ex8_RcdbReader.C
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Event selection

CLASI12 EB PID + Lepton BDT PID

ep — (e)yp — (X)ete p’
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CLAS12 Preliminary - Fall 2018 inbending
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Summary of the analysis tools

* Fiducial cuts + dead paddle cuts,

* Proton energy loss correction,

* Lepton momentum correction,

* Radiated photon correction,

* BDT-based PID for the leptons above 4.5 GeV

(see Mariana’s note)

Near-threshold photoproduction of |/ on the proton with CLAS|2 — Pierre Chatagnon — 5t of March 2025


https://misportal.jlab.org/mis/physics/clas12/viewFile.cfm/2024-005.pdf?documentId=172
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Nuwmber of photons | Nuwmber of )/Pst from data

anol Number of targets

rRadiative
correctlons
from MC

Normalization
factor

* Presentation at the March 2024 Collaboration Meeting
* Presentation at the RGA meeting (9/11/2024)
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Reconstruction
efficiency from MC



https://indico.jlab.org/event/829/contributions/14097/attachments/10726/16302/JPsi_Photoproduction_CS_update.pdf
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Detection efficiency P Ny
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Radiative effects and correction ., N/

® Radiative Corrections for BH: Matth’as He”er et GI. SOﬁf—DhOtOﬂ ° The leiGen,TCSGen generator with radiative effect are
corrections to the bethe-heitler process in the yp — I+|—p reaction. PRD on Github, as well as an event converter for Grape.

 Radiative effects for J/\W: E Ehlotzky and H.Mitter, Radiative corrections to ~ * A full note on this algorithm is included in the analysis

. . note.
the leptonic decay modes of the neutral vector mesons, Nuovo Cim., 55A: 181- - :
X ’ The work on the BH radiative corrections was presented

92,1968 at the CLAS collaboration meeting in July 23.
— Cross-check using Photos
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.076012
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.076012
https://doi.org/10.1007/BF02760115
https://doi.org/10.1007/BF02760115
https://doi.org/10.1007/BF02760115
https://doi.org/10.1016/0010-4655(94)90074-4
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
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Normalization factor NJ /o
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Normalization factor (2"4 method)
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Positron
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Results
& interpretation
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Kinematic coverage and binning
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Near-threshold photoproduction of |/ on tl

Bin 1 2 3 4 ) 6 7 8 9 10
Energy min. [GeV] 82 865 89 9.05 92 946 9.7 10. 102 104
Energy max. [GeV] || 8.65 89 9.05 9.2 946 9.7 10. 102 104 10.6

-t [GeV?]
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Integrated cross-section

10% -
| B8 G-J-LY 2023 (GPD) ¢ GlueX (2023)
| —— M-Z 2022 (Holo.) 4 CLAS12 (this work)
100 -
g
©
Our results are overall in agreement with the
1071 GlueX measurement.
* Qualitatively, we do not see the reduction of the
cross-section above 9 GeV.
1072
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[ J [ J [ J [ J [ J
Differential cross-section binning
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Differential cross-section binning
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Differential cross-section results
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Dipole fit and interpretation in term of mass radius
Ey in [8.20, 9.28] GeV 100 Ey in [9.28, 10.00] GeV
do/dty; = 1.86+1.70 nb/GeV? do/dty = 2.93+1.04 nb/GeV? s )
ms = 1.37+0.33 GeV N ms = 1.34+0.13 GeV ' T le Hall C-007 (2022) T
¢ fm = 0.50£0.12 fm Lo-1 m = 0.51+0.05 fm 1  GlueX (2023)
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D. E. Kharzeey, “Mass radius of the proton”, PRD (2021)
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Exponential fit
100_' Ey in [8.20, 9.28] GeV 100 Ey in [9.28, 10.00] GeV
E do/dty = 0.83+0.42 nb do/dty = 1.46+0.28 nb 100
B; = 1.02+0.27 GeV~2 ¢ Bg = 1.08+0.11 GeV—2 ei H1 (2005) oy
-1 X2 =124 _ x2=1.18 H1 (2013) ol
1071 5 ! 107 Y lei  ZEUS (e~e*) (2002)
lef ZEUS (u~u*) (2002)
tei CLAS12 (this work)
10-2 1 102 10 ]
C
I
o
o
1073 5 10-3 2
‘Nl— T T T T T 1 T T T T T T 1 “5
B 1 2 3 4 5 6 1 2 3 4 5 6 7 @10 . 3
O 1 . —o— S
ey 0 Ey in [10.00, 10.60] GeV He4 " e
< 10Y 3 _ dO' dO' e ol o
gﬂ ] do/dty = 1.50+0.29 nb —Bga |t| o] = =
= _—  — ' ~
Bg = 1.31+0.14 GeV~2 dt dt € e ™ ©
N X3 = 057 0 =) o <
1071 ; 1073 e, L] S
] mﬂﬁ ]
| Heo-¢—|—o— ool g
10-2 - Tg — 2BG e o .
3 e ]
] —e—i e oy M
{ —— Exponential fit 1074 - . . . . . . . .
10_3 i ® CLAs12 M/i 2 3 4 5 0.3 0.4 0.5 0.6 0.7 0.8 0.9
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GFF extraction with CLAS I 2 data
Model dependent extraction of GFFs
* Holographic QCD model Fixed parameters
g — N/? 6477(36—2]\4]2\,)2 [A(t)zgsol))(t)ﬁ - F(S) - 8 ol [ D eer A(0) o [GeV]
GPD / Hall B 0.414+0.008 | 0.91=£0.10

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

Generalized Parton Distribution model

o & e 16mag)?
o= 4(W§i/[MCj2V)2 ( 3M§) dnr(0)[2IG (¢, &)

Yuxun Guo, Xiangdong Ji, Yizhuang Liu, and Jinghong Yang. Updated .
analysis of near-threshold heavy quarkonium production for probe of CUt at £<O.4 aPPI |ed
proton’s gluonic gravitational form factors. Phys. Rev.D,
108(3):034003, 2023

GFF parametrization

Ct)=iD() = 29 A(t) = A0

-5 ) a-—5°
C A
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GPD / All data 0.414=£0.008 i
Holographic / Hall B || 0.414£0.008 | 1.12+0.21
Holographic / All data || 0.414+0.008 -

* Duran, B., Meziani, ZE., Joosten, S. et al. Determining the gluonic gravitational form factors
of the proton. Nature 615, 813-816 (2023)

*  Yuxun Guo, Xiangdong Ji, Yizhuang Liu, and Jinghong Yang. Updated analysis of near-
threshold heavy quarkonium production for probe of proton’s gluonic gravitational form
factors. Phys. Rev.D, 108(3):034003, 2023

* Tie-Jiun Hou et al. New CTEQ global analysis of quantum chromodynamics with high-
precision data from the LHC. Phys. Rev. D, 103(1):014013, 2021
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Results & interpretation

Toward GFF extraction mcludmg CLASI2 data
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o E,in[820,9.101Gev ] i  Ein[9.10,925]Gev ] i E,in[92509.401GeV | i  E,in[9.40,9.55] GeV
100 - 1l 2 Ey in3[9.554, 9.705] GeV6 100 - i 1 ZEV in -:9.70,49.853 GeV6 100 - i 100 - lEY in [1(2).00, 10.315] GeV4
Model / Dataset X2 A(0) ma [GeV] C'(0) me [GeV]
GPD / Hall B 2.914 | 0.4144+0.008* | 1.872+0.110 | -0.58740.309 | 0.91£0.10*
GPD / All data 1.68 | 0.414+0.008* | 2.014+£0.060 | -1.70741.025 | 0.794+0.148
Holographic / Hall B 1.480 | 0.41440.008" | 1.72240.0590 | -0.288+0.136 | 1.12=£0.21"
Holographic / All data || 1.245 | 0.41440.008* | 1.971£0.051 | -0.294+0.020 | 1.74440.135

KL

~ . ~ . - .

<|-3|Ia|| C-007 ! \l\ | i 7\T
ueX | | \

Las1z 10734 | 10734 | 1073 4!

103 ]
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 :IL 2I :I’a 41# é é _I/ é é
—t[GeV?] —t [GeV?] —t [GeV?] —t [GeV?] IQS“
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Results & interpretation ee o eee o0 scece

GFF using CLASI|2 data, and all available data

27130

* Use the tripole ansatz for the GFFs:

C(t) — %D(t) — (1_612)3
mo

A1) = A0
0) ==

A
 Error bars include correlations

between fitted variables.

* Inclusion of Hall D data in the fit
lead to flatter t-dependance of D.

0.5 7

0.4

Ag(t)

GPD Model
I Hall B (A(0) and mc fixed)
[ Hall C (A(0) fixed)
I All data combined (A(0) fixed)

0.0

0.5 1

0.4

Aglt)

05 1.0 15 20 25 30 35 4.0
-t [GeV?]

Holographic Model
[ Hall B (A(0) and mc fixed)
[ Hall C (A(0) fixed)
I All data combined (A(0) fixed)

0.0
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Results & interpretation

Mass and scalar radii
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* From the GFFs, one can extract:
* the gluon mass radius

o1 dAL) 1 C,(0)
mlo = 7 "ar |, A, 00) M3
18 1 C,(0)

—
mi A4(0) MJ2V

* and the gluon scalar radius of

the proton
1 dA, () 1 C,(0)
r2)g =6 . — 18 !
=L@ @ |, A0 ME

mi A4(0) M]2\7

GPD model Holographic model
GPD model | Mass 'ja.li{
(A(0) fixed)
all C | Scalar
(A(0) fixed) —o—|
Hall B | —e—
G
All data | : * el
(A(0) fixed) —e——
0.0 O.I5 1?0 1f5 210 2?5 0?0 O.I2 Of4 0:6 O.I8 110 1j2 1.I4 1.|6
Radius [fm] Radius [fm]
Model / Dataset V<ry > [fm] | /<rZ>  [fm]
GPD / Hall B 0.759+0.115 1.153+£0.248
GPD / All data 1.126+0.297 1.859+0.533
Holographic / Hall B 0.649+0.055 0.889+0.138 >,
Holographic / All data 0.60740.019 0.863+0.029 ‘ @
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Pressure distributions

Results & interpretation ee o eee o0 secce
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* From the Fourier transform of the D GFF...
. 3A
b= [

(2m)3
— D(0)

B_iA”’nD(A,mc)

3
e

35, (L T mor)e” ™"

e ... itis possible to derive transverse and shear
pressure profiles:

1 d ([ 5d =
— —D
ompy dr " dr (r)

1 4C(0)mg

-

327

r*p(r)

6, (mer —3)e” e

1 sd (1d ~
— ——D
4mNr dr \ rdr (r)

1 4C ¢
(O)mc r3o—moT
327
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Take-aways and path going forward

* The total and differential cross-section of the near threshold photoproduction of
JIp has been measured with RG-A data.

* An interpretation of these data only,and combined with existing data has been
done in terms of GFFs.

* The analysis is under review.

* An article (PLB or PRC) is being drafted.
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I Back-up

31
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I Data/MC normalization

* Each event is weighted by:

. L-w -
— L0t for generator providing integrated CS, W = 7 GEN for weighted generator.
nbaeN NOGEN
*  Where the luminosity is obtained from target specification:
Length of the target |=5cm

Density of the target p = 0.07 g/cm?3

l. .N .C' ° vogadro constant = 6.UZX 23 mo'l
L=-+—= € —1316.875 - Q(in mC) Onarrge s Lot C

|0-36

Conversiontopb C=

https://clasweb.jlab.org/rungroups/tic/wiki/images/e/e7/Normalization_ MC _Data-5.pdf
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Lepton ID at high moment
epton a 18 omenta Figures from M.Tenorio
E 60005_ MC Signal 600;_
12005_ 5000:_ 5 g:: after 0.0 cut 5003—
1000 F ’ C
- 4000— 400
800 E
soof- 3000;— %0081
* Used BDT approach for leptons PID at - o “oH
high momenta > 4.5 GeV g L "l
. . i S O e HEE T B S
* Similar approach as for the TCS analysis P 0 '
of 2020 : oo
* One BDT per particle per era (6 BDT : uoop
E 1200
in total). ; o0
; 800
: 600~
* Used kinematic variables, and high-level : sof-
calorimeter variables. e 1 e
. . 0 0.05 0.1 0.15 0.2 0.25 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
* Trained on MC, validated on MC and srEen srEeout
data. F 700F F
1200f GOOE— 1400
10005 soog— 1200
8005 E 1000k
F 800 -
600
E 600
400: 400+
200; 200/
% 050807080 O ~"=50 00 150 200 250 300 350 o
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ID at high momenta

Figures from M.Tenorio
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1- False Positives Rate

Near-threshold photoproduction of |/ on the proton with CLAS|2 — Pierre Chatagnon — 5t of March 2025
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note and is implemented in lguana




Bin volume correctior

-t [GeV?

do

dt |j = FjLwes;Br€j-€raayi Vi-At;
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Ny/p/j 3

V = Ratio Area within
 kinematical boundary /
~ Area rectangle
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E, [GeV]

* In practice is this readily done using
integral of functions in root
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I Photon energy resolutions
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©
o
153}
®

_|IlllIII|III|III|III|III|III|

0.056

0.054

Resolution A E, [GeV]
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0.048

0.046

0.044

10.5
E, [GeV]

(a) Resolution of the initial photon energy for the Fall 2018 inbending configuration.
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(b) Resolution of the initial photon energy for the Fall 2018 outbending configuration.
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Integrated differential CS

107 -
f | Integrated exponential model <+ CLAS12 (this work)
Integrated dipole model

1o°-§ ’ —— ++ +

o [nb]
+
——

1071 A

107 8I5 9'0 9I5 10' 0 10l 5 11I 0 11| 5 ‘b
£, loev) clasy
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I Lepton momentum corrections
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Figures from R.Tyson

AP/P
F AP/P Meanvs P
C 0.1 2 1 ndf 21.84/9
25000— & - Prob 0.009402
- < 008 - po 0.009376 + 0.01286
B 0.08E- p1 -0.0007808 = 0.003015
20000— - p2 0.0001063 + 0.0002335
C 0.04{— p3 -0.02029 + 0.02132
B 0.02F- p4 0.04121+ 0.01168
15000(— -
C o
10000(— e
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300—
C AP/P Meanvs P
B 0.1 ¥ / ndf 407.2/9
250 = % E Prob 4.071e-82
o a 008 = po -0.0652 + 0.005236
- 0.06] p1 0.007099 = 0.001126
200— - p2 -5.929e-05 = 8.113e-05
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I Other analysis tools

Fiducial cuts/dead paddle cuts

* Pass| fiducial cuts on the PCAL (~ 8-9cm onV and W)
* Additional dead paddle cut, cross-check with Valerii Klimenko
Radiated photon correction Plots from M. Tenorio

* Loop over photons in the event
* Add 4-vectors to the lepton if AB<I.5 deg.
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I Proton energy loss

QO N - " - A" . It - 0.05 N
ég 0.04— - - - . 8 3
al - E o~ ]
~ 0.02— ™ Qﬂ 0—
Q - - ~ }
< - ; i]" -
- ~0.05—
-0.02|— -
-0.04— }
- -0.1—
~0.06— =
~0.08 . 1 15 2 2. T3 015 0.5 1 15 2 25 7 3
P_Proton P_Proton
Theta < 27 deg. Theta > 27 deg.
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Number of }/Psi o

J 7 Fj-Lwej Br€j-€raa;

£ - * All data samples are combined and fitted together.
L%J 300l —® Data(45330) * Gaussian + exponential background fit is used.
N * Systematic study is performed on the fit function.
B Jy fit (707.2), M=3.080 GeV, 6=45.30 MeV
250 :
200— of J/y (pb')
N + GlueX 2270 320
150(— ‘
- Hall C - 007 ~2K
100
= ey CLASI?2 707 14
50—
:l 11 1 I 11 1 | I | - | 1 1 I 1 1 1 1 I L1 1 1 | - T -
2.6 2.7 2.8 29 3 3.1 3.2 3.3 3.4 3.5 Clcgﬁﬁ g




I Photon flux 0,

[Fs LlweiBrees-eraa;

Nj/pj
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|) Real and virtual flux are provided event by event by the |PsiGen Generator.

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

f F.dE = AEZ Fe (NEGEN/z')'wi

—1 Wi

C/J

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

L Total number of photon in
Fj_ZCCC.FC/j .

the bin j in unit of e

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

r— [-p-N4-C

(&
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Photon Flux
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https://github.com/JeffersonLab/JPsiGen/blob/eb40dd934bb9f022873414a57e0dad9d1ccbcbdf/src/KinFunctions.cc

Normalization factor
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|) Event mixing procedure from data :
* Randomly select electron, positron, proton
(from different events)
*  Construct kinematics and make sure they

are within the region of interest:
(M..>2 GeV, |MM|?<0.4 GeV?, Q%<2 GeV?)

2) Reweight events to match data in the training
region, using a BDT-based method from Alex
Rogozhnikov 2016 ]. Phys.: Conf. Ser. 762
012036. Code available here.

3) Validate the weights on the validation region.

4)  Apply weights on the signal region and obtained

BG-subtracted yields
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CLAS12 Preliminary - Dilepton final state

Events
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https://iopscience.iop.org/article/10.1088/1742-6596/762/1/012036/pdf
https://iopscience.iop.org/article/10.1088/1742-6596/762/1/012036/pdf
https://github.com/arogozhnikov/hep_ml
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I Initial state radiation
| ISR study
e The initial electron beam can also radiate a = —— ISR (25.9)
photon before emitting the real hard photon E —— No ISR (30.8.)
responsible for the /W photoproduction. 10;_
* ISR are included in the BH MC sample. o )
* Using GRAPE, which include the ISR, only events o .
in the |/ region, we quantified the effect of ISR = ’
on the number of photon emitted. - :
.sil=.% .................. bt Lo et Lot sber e Lo
g 1'2g:ﬁffﬁftfﬁfff ................ ———
i 85 9 95 10 105
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