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Motivation

¢ Near-threshold J/yw production 1s a uniquely sensitive probe of the gluonic structure of the proton, specifically its
oravitational form factors.

e Lixisting near-threshold J/y photoproduction data at JLab: CLAS12, GlueX, J/y-007.

e Near-threshold J/y electroproduction at low Q“ allows studies in different final state topologies, where charm
pentaquarks, for example, should show up 1n the W-distributions.




Experimental setup: CLAS12

 The Gontinuous Electron Beam Accelerator Facility (CEBAF) at Jetterson Lab (Jl.ab) accelerates and recirculates electrons at up
to 12 GeV. After the beam reaches 1ts maximum energy, this 1s redirected to Hall B, where the CEBALF Large Acceptance
Spectrometer (CLAS12) detector 1s located.

* 'T'he particles on the GLASI12 detector can be detected and 1dentified by measuring their momenta, time 1n vertex, the number of
photons produced 1n threshold Gherenkov counters, and energy losses 1n the calorimeters and scintillator counters.

e Forward Detector (FD):

e High-Threshold Cherenkov Counter (HTCC) Solenoid

 Low-Threshold Cherenkov Counter (LTCC)

Beamline |

e Electromagnetic Galorimeter (ECAL) '
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e lForward lagger (F'1)




Analysis Framework

e Lor this analysis, all the available RG-A Pass?2 data 1s used. 'T'he target was liquid hidrogen.

Dataset Accumulated Charge (mC)
Spring 2018 Inbending 69.5511
Spring 2018 Outbending 16.9145
10.6 GeV
Fall 2018 Inbending 35.0234
Fall 2018 Outbending 2. 1392
10.2 GeV
Spring 2019 Inbending 47.736 —7




Analysis Framework

* '|'he reaction to study 1s

where p, e™ and e~ are measured in the Forward Detector, e’ is measured in the Forward Tagger.

* From here we can explore several final states
ep — e'e"e(p')

ep = e'plete”

ep = e'plet(e7)

ep = e'p'e”(e™)




Analysis Framework

* '|'he reaction to study 1s

ep - eJlyp —e

e = = —p— S=——— —

where p, e™ and e~ are measured in the Forward Detector, e’ is measured in the Forward Tagger.

* From here we can explore several final states

ot~ (p)) = It the proton 1s not
€p — €€ ¢ (p ) specifically excluded, 1t

includes the 4-particle

_ topolo
—— ep > epeter T—— Pomsy

Cleanest in terms of background

ep — epet(e”) —

Very challenging background

ep — epe(e’) —7




Analysis Framework
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Analysis Framework
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- Forward Detector
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Analysis Framework
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Analy51s Framework
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‘¢ 'T'he missing four-momentum 1s

defined as

Px =Pe+ Py —Pe- — Do+ — Pe

We calculate the missing mass

as My = /ps#, where the peak

on the distribution should be
around the mass of the missing
|

proton.

We look at the invariant mass

distribution

M?*(e~e™) = (p,- + p,.)* in the

2.0 GeV to 3.5 GeV region.
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ep = e'e"e’p

e |'he missing four-momentum 1s

defined as

szpe_l_pp _pe— _pe"‘ _pe’_pp’

e We Calculate the mlssmg mass
as Mz = p, expecting to peak at
ZETO.

e We look at the invariant mass
distribution
M?*(e~e™) = (p,- + p,+)* in the
2.0 GeV to 3.5 GeV region.

e |n additton to the invariant

mass, we can look at the missing

mass My(e'p’) =e+p—e' —p’
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‘¢ 'T’he missing four-momentum 1s

defined as

Px =Pe+ Py —Pe- — Do+ — Pe

We calculate the missing mass

as My = /ps#, where the peak

on the distribution should be
around the mass of the missing
proton.

We look at the invariant mass
distribution

M?*(e~e*) = (p,- + p,+)* in the
2.0 GeV to 3.5 GeV region.
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o " Once we got our d1str1but10n

we can look at events under the |

peak. M

_ 2 2
W—\/mp+2mpE},—Q |
where E, = E,,,, — E, and ~

Q*=2E,, E(1—cos(,))
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Cross-Sections

* The electroproduction cross-section depends on the total center of mass energy, W and the exchange photon virtuality Q°

daep 4 1

dWdQ? L -Br AWAQ?

Where L = N, - N, and Br = 0.06.

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

~ *
0, At low Q2 0, ~ Oy 4

1 0 —J J (W, Q%) dW dQ?
AQ?J AW
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daep Y 1

eh = L. By AWAGH Yield calculation

 |'here are 2 ways that we can extract the ethciency corrected yield: Using an event
based efficiency and using average bin ethciency. Both methods have been tested and
have been found to yield to similar results.

The event-based efhciency The average based takes
takes each event and looks the average efhiciency 1n
into an efhiciency map to the bin.

extract #; L —

T —




Simulations

Dataset Beam Current (nA) | Fraction | Files Used | Events Generated
45 0.74 1847 924 M
Fall 2018 Inbending 50 0.10 250 1.25 M
55 0.16 399 200 M
40 0.64 1597 7.99 M
Fall 2018 Outbending
50 0.36 899 450 M
35 0.08 200 1.0M
Spring 2018 Inbending
50 0.92 2296 1148 M
Spring 2018 Outbending 45 1.00 2496 1248 M
Spring 2019 Inbending 50 1.00 2496 1248 M
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A couple bugs have been found 1in the MU 1n the last few weeks:

One was related to the photons detected in the ECGAL, which were not being detected, and aftected the radiative
loss correction for the e™ and e~ in the FD.

T'he second one was related to the reconstruction of the e’ 1n the FI. There was a discrepancy between
reconstruction in MU and in data that was preventing low energy -high angles e’ to reach the last steps of
reconstruction in MG
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Photon Flux

(I)*=

y C(W, Q) dW dQ? of o

0.08

AO2 I AW
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Preliminary Results
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Preliminary results
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https://arxiv.org/abs/2602.22128

Still low statistics,
but some side bin
studies are being
done to do a fair
assesment
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Conclusion

First measurement of near-threshold J/y electroproduction cross-sections at GLLAS12 using tull

RGA Pass2 data (W = 4.15—4.50 GeV, Q? = 0.02-0.12 GeV?)

The ep — e'e"e™(p’) topology provides the cleanest signal extraction, but the other topologies
provide a usetul cross-check.

Ethciency-corrected yields with MU are in progress, and final results will be coming 1n the next
few weeks.

Two other topologies are also possible with this framework ep — e’p’e™(e¢™) and ep — e’p'e”(e™)




Back-up



| Ebeam_E > 8. IGGV

e | Signal Extraction

There are two ways to extract the signal:

1) From the fit

£ 80 _ ] 2) From background substraction.
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t" distribution for data under the peak
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TMVA overtraining check for classifier: BDT

Training
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Model Validation

* For Signal: A clean lepton sample is obtained

using radiated photons detected in the
ECAL. The number of true leptons is Signal ~ Background

900

extracted by fitting the peak at zero in AG,,. a00-

700

800

700

600 600

*kFor Background: The reaction =

500

400

ep — ey, ,(X)is used, where 77 was o oo

identified as positron. Background yields are = 20~

extracted by fitting the missing neutron mass . a8 S il

peak. - - - Y - A6, dégrees 5 06 07 08 09 1 11 1.2 A19’3de1g¢:ee185
e All samples are restricted to P > 4.5GeV. The models successtully cut background by

a factor of 10, while preserving around 9o%
of the leptons.




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)

h_MM_epe

1200-_ Entries 1902382
B Mean 0.1964
- Std Dev 0.2164
1000 i
800
600
400
200
_IIII|IIII|IIII|IIIIlIlI|lIII’IIII|lIII|lIlI|III
—%.5 -04 03 -02 -01 O O1 02 03 04 5

0.
MM

!, Tt

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’

Counts

h_Mxep

Entries

25
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10}

|IILE.!!.

—

il

~ Jy fit (66.71 +/- 13.95)

_ X6
X7

Mean
Std Dev
Prob

A
mean

sigma
br

1784

2.596

0.3083

0.05801

66.71+ 13.95
3.109 = 0.006
0.02522 + 0.00626
0.5+0.3

13.92 = 0.97
-3.932 + 0.338
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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 (e'p'e)

II|IIII|IIII|IIII|IIII|IIII|IIII

—IIII|IIII|IIII|IIIIIIII|IIII'III

h_MM_epe
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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
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