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The production process of the J/y meson serves as a unique probe of the struc

The production of a vector meson such as the J/y in an scattered electron experiment can be described as

ep — e'Jlyp’
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Motivation

‘ure of the nucleon.

ne measurement of J/y production near threshold, two mechanisms contribute to the process: pure
bhotoproduction and electroproduction.




Motivation

* [he electroproduction cross-section depends on the total center of mass energy, W, the exchange photon virtuality 0°
and the transfered momentum squared, ¢

dg . NJ/W(Wa Qza t) 1
dWdQ2dt  L-Br-n AWAQ2A¢

Where L =N, - N,, Br =0.06 and 7 is the detector efficiency.

* The electroproduction cross section can be compared to photoproduction by integrating over Q% and W accounting for the
virtual photon flux factor I', which relates the virtual photon-induced process to the equivalent real-photon cross section.

dg dU},
R FT_
dt dt




 [he LHCb collaboration reported that the P_structures
of the decay channel PF — J/wyp consisted on

P (4312)*, P.(4440)* and P (4457)".

* The calculation of the yield of this process will be useful

for detalled studies of the
resonances.

oly+p— P. - Jly+p)=

broduction of pentaguark

2J + 1

Motivation
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Experimental setup: CLASI2

The Continuous Electron Beam Accelerator Facility (CEBAF) at Jefferson Lab (JLab) accelerates and recirculates electrons

at up to |2 GeV. After the beam reaches its maximum energy, this Is redirected to Hall B, where the CEBAF Large
Acceptance Spectrometer (CLAS|2) detector Is located.

The particles on the CLASI2 detector can be detected and identified by measuring their momenta, time in vertex, the

number of photons produced in threshold Cherenkov counters, and energy losses in the calorimeters and scintillator
counters.

Overview §

Forward Detector (FD):

e High-Threshold Cherenkov Counter (HTCC)
e Low-Threshold Cherenkov Counter (LTCC)

¢ Electromagnetic Calorimeter (ECAL)

e rorward Iime-Of-Flight (FTOF) |
e Drnift Chambers (DC)

Solenoid

\ ~ - - &y e 0>/ : ~ .
Forward Tagger (FT) L= _ "' ‘

boxes for info




Tagged Analysis Framework

For this analysis the RG-A Fall 2018 and Spring 2019 Pass?2 data Is presented.
o Fall 2018: Inbending and Outbending configurations, 10.6 GeV

o Spring 2019: Inbending configuration, 10.2 GeV

The reaction to study Is

ep > e'Jly p — eete X

Where e™ and e~ are measured in the Forward Detector, e’ is measured in the Forward Tagger and X corresponds to the
recoll proton and will be identified in the missing momentum analysis.

In addition, we have other topologies that are exploring:
I+, —

ep — e'p'eTe
ep = e'pletX




* hirst, a selection of events Is done using the CLASIZ

OADB tool.

Electron e~

- Forward Detector
- p> 1.95 GeV/c

- Epear > 0.07 GeV
- VPCAL > 9 cm
- WPCAL > 9 cm

- —83<V, <4awm

Event Selection

Positron e™

- Forward Detector
-p > 1.95 GeV/c

_EPCAL > 0.07 GeV
- VPCAL > 9 cm
- WPCAL > 9 cm

N xppl <5

e Radiative photons detected at ECAL with 6 coincidence
| AG| < 0.7 are detected for energy loss correction.
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https://github.com/JeffersonLab/clas12-qadb
https://github.com/JeffersonLab/clas12-qadb

Lepton ID at high momenta

g =
e We apply BDIT to identity leptons at high momenta, g i —
p > 4.5 GeV. % 0.05
e We have 6 classifiers: e™ and e~ identification on each - 0_9:_
Pass2 RGA configuration. -
e We use as variables e*(P,8,¢) and SF and m2 of sl
PCAL, ECIN and ECOUT i
0.8 __ BDT 6 variables Simulations
 All models were trained using MC, and validated on T e t
data and simulations. I LT s R BN BN BN B
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True Positives Rate

ROC curve for 6 and 9 variable models for F|8inbending

CLASI2 Note 2024-005



https://misportal.jlab.org/mis/physics/clas12/viewFile.cfm/2024-005.pdf?documentId=172

Event selection

* We select one electron in the Forward Tagger. We apply an energy correction for this electron.

e Electron e™

- Forward lagger

v, =, | <2ns

Vertex time difference between FT_e?- and FD_e/-
h_vertex_timediff FT_FD
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B Std Dev 7.831
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At v=FD_eM -FT_e", ns

Vertex time difference between the electron in the FD and the electron in the FT

* [he central peak shows well-matched events where both particles come from the same interac
he 4ns spacing between peaks Is due to the timing s

outside this area are accidental coincidences.

lon vertex, while events

‘ructure of the beam.




ep — e'p'Jly — eeTe (p)

h_MX
B Entries 44713
- Mean 1.111
180 Std Dev 0.2135
. ) 4+ , - Prob 7.653e-10
e Forthe reactionep — e‘eTe (p') 1601 A 2905 = 115.3
- Mean 0.9609 =+ 0.0029
140 - Sigma 0.09499 + 0.00347
: . : B 89.25 + 11.86
e The missing four-momentum s defined as - 118.9 224
— - 35.99 + 2.01
Px =Pe+ Py — P — Per — P 120 0
100
e We keep events with E > 8.1 GeV where -
E,=E,, —E y or |
y — “beam — e B
60—
e We calculate the missing mass as My = p)%, where 401
the peak on the distribution should be around the mass 20
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Missing mass distribution for the final state e’e™e¢™.The peak
correspond to the missing mass of the proton.




ep — e'p'Jly — eeTe (p)

e For the reaction ep — e’‘eTe™(p’) i s 205
ol
e The missing four-momentum s defined as 20— f;ge;r; 0_04202§z6§_§0062§
Px = Pet Py~ Pe = Per = Pe %0 :
. 1
« We keep events with E > 8.1 GeV where 65\
— 14_ | -
E}/ = Epoam — E¢ - \\ T ]
12F- | 5\ -
« We calculate the missing mass as My = 1/ps, where 101 N
the peak on the distribution should be around the mass 8 | \\ Jl H
of the missing proton 61 - TJ\\%
N ] N
* We then apply a cut Iin the missing mass as 4;_ | W
‘MX — (0.9609 ‘ < 36 o= Jy fit (69.50 +/- 11.27) ]U[%\’I\
:I — | [ — | I — | [ — | _— | |1 I|_| |
% 22 24 26 28 3 32 34

* We Jook at the Invariant mass distribution M(e+e-),GeV
M?*(e~e™) = (p,- +pe+)2 in the 2.0 GeV to 3.5 GeV
region




Event selection ep — e'p'J/y — €'€+€_P,

* We select one electron in the Forward lagger. In addition we select exactly one electron, one positron and one proton In
the forward detector.

 FElectron e~ e Flectrone™  Positrone™
- Forward Tagger - Forward Detector - Forward Detector
v, —v, .| <2ns -p > 1.95 GeVic -p > 1.95 GeV/c
""""" + Potonp Epeny > 007 GeV Epear > 0.07 GeV
- Forward Detector Vpear > 9 cm - Vpear > 9 cm
P> 04 Gevie - Wpear > 9 cm - Wpcar > 9 cm
/>0 -—8 <V, <4 m Napmn| <5
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ep — e'p'Jly — e'eTe p’

For the reaction ep — e’‘eTe™p’

The missing four-momentum 1s defined as
pX=pe+pp_pe—_pe+_pe’_pp’

We keep events with E > 8.1 GeV where
EyzEbeam_Ee’

We looked at the missing mass of the reaction,
M)Z( = p)% expecting It to peak at zero.
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ep — e'p'Jly — e'eTe p’

h_im
Entries 517
- . _ Mean 2.427
e For the reaction ep — e’eTe™p’ 100 71 S 1it (27.70 +-8.81) | scoer 09802
. ﬁ'nean 3.08277.:7 otc?zg
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ep — e'p'Jly — e'eTe p’

My(e'p’)
h_Mxep
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81— ﬂ
e We l|ooked at the missing mass of the reaction, - ' W\
M)Z( = p)% expecting It to peak at zero. 6:_ IR}
At J
e We also apply a cut in the missing mass as | My | < 0.1 - L ‘ g
2
| !
* |n addition to the invariant mass, we can look at the ol b b e et T
missing Mass MX(e/p/) — ¢ +p . e/_p/ 2.2 2.4 2.6 2.8 3 3.2 IVI)(,3(.;‘46\/




ep — e'p'JIy — e'ep'(eT)

For the reaction ep — e’p’e™(e™)

We select one electron In F1, one positron in FD and
one proton in FD.

The missing four-momentum 1s defined as
pX:pe+pp_pe+_pe’_pp’

We keep events with E > 8.1 GeV where
EyzEbeam_Ee’

The peak on the distribution should be around the mass
of the missing lepton.

Missing Mass (e'p'e)
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Missing mass distribution for the final state e'e™p".




ep — e'p'JIy — e'ep'(eT)

For the reaction ep — e’p’e™(e™)

We select one electron in F1, one positron in FD and
one proton In FD.

The missing four-momentum 1s defined as
pX=pe+pp_pe+_pe’_pp’

We keep events with E > 8.1 GeV where
EyzEbeam_Ee’

The peak on the distribution should be around the mass
of the missing lepton.

We apply a cut in the missing mass as | My | < 0.1

To get the number of |/y;, we can look at the missing
mass My(e'p’) =e+p—e'—p’
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Hadronic Mass

- h_W_all
B Entries 343
B Mean 4.322
12— Std Dev  0.1244 e For this distribution, we consider events that fall into the
- mass range 2.95 < M(e¥e™) < 3.2 GeV
10—
- * [he hadronic mass corresponds to the mass of the
I J i pentaquark P, .We expect to see their existence in this
8~ distribution.
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Summary

* The selection of events was carefully performed, and the number of |/ events was measured
across various reaction topologies.

* Cross section calculations are being done at the moment!

dU . NJ/{//(Wa QZ, t) 1

dWd0Q2dt  L-Br-n AWAQ2A¢




Thank you!
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Hadronic Mass ep — e’p'J/y — e’eTe™(p)

h W
h W 5 Entries 138 h_W_ep
) 88— : Mean 4.283 C —
10 | — | Entries 124 - Std Dev  0.1166 7 __ _ Entries 68
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Std Dev  0.09846 7 - StdDev  0.09005
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ep — e'p'JIy — e'e"p'le™)

For the reaction ep — e’p’e™(e™)

We select one electron In FI, one positron In FD and
one proton In FD.

The missing four-momentum 1s defined as
lzX'=:196'+_l%p-_:pkt'__loe’__l%u’

The peak on the distribution should be around the mass
of the missing lepton.

We keep events with E > 8.1 GeV where
EyzEbeam_Ee’

We apply a cut in the missing mass as | My | < 0.1

To get the number of |/y;, we can look at the missing
mass My(e'p’) =e+p—e'—p’
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Missing mass distribution for the final state e'e ™ p".




ep — e'p'JIy — e'e"p'le™)

For the reaction ep — e’p'e (e™)

We select one electron in F1, one positron in FD and
one proton in FD.

The missing four-momentum 1s defined as
pX=pe+pp_pe—_pe’_pp’

The peak on the distribution should be around the mass
of the missing lepton.

However, upon reaching this stage, we observe a
significant amount of background. Even with ore
rigorous cuts, the background remains substantial and s
not significantly reduced.

h_Mxep

3000

2500

2000

1500

1000

500

Entries

Mean
Std Dev

199997
2.657
0.3191

N

2.2

2.4

2.6 2.8 3 3.2 3.4
M,, GeV

Mx(e D)




