J/Y Electroproduction analysis
in RGA

Mariana Tenorio Pit:
CLAS Collaborati




Vlotivation

® The production process of the J/y meson serves as a unique probe of the structure of the nucleon.

® The production of a vector meson such as the J/y in an scattered electron experiment can be described as
ep — e'Jlyp'.

® For the measurement of J/w production near threshold, two mechanisms contribute to the process: pure
ohotoproduction and electroproduction.
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Vlotivation

® The electroproduction cross-section depends on the total center of mass energy, W, the exchange photon
virtuality O and the transfered momentum squared,

ep
dWd02dt  L-Br-n AWAQ2A¢

dd _ N]/{//(Wa Qza t) 1

® |nterms of W, we can describe the differential electroproduction cross-section as:

daep B Y 1
dw L -Br AW

® The integrated electroproduction cross-section is:




Vlotivation

*The photoproduction cross-section can be obtained from the electroproduction cross-section using:

1
0, = ry Oy
y

where @, is the integrated photon flux given by the expression:

D, = J [ (W, 0%)dWdQ? = Y T/(W, 0HAWAQ?
AQ? I AW i

® Hence, we can write the integrated photoproduction cross-section as:
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Analysis Framework

® F[or this analysis the RG-A Fall 2018 and Spring 2019 Pass2 data is presented.
O Fall 2018 Inbending, 10.6, Q=34.6353mC
O Fall 20180utbending, 10.6 GeV, Q=32.3415mC
O Spring 2019: Inbending configuration, 10.2 GeV, Q=44.1839mC

® The reaction to study is ep — e'J/y p’ = e’eTe™X where e™ and e~ are measured in the Forward Detector,

e’ is measured in the Forward Tagger and X corresponds to the recoil proton and will be identified in the
missing momentum analysis.

® |n addition, we have other topologies that are exploring:

O ep —epete

O ep—epetX




Fvent Selection

® First, a selection of events is done using the ® Radiative photons detected at ECAL with &

CLAS12 QADB tool. coincidence | A8| < 0.7 are detected tor energy
loss correction.
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https://github.com/JeffersonLab/clas12-qadb

_epton ID at high momenta

We apply BDT to identify leptons at high
momenta, p > 4.5 GeV.

We have 6 classifiers: e™ and e~ identification on
each Pass2 RGA configuration.

We use as variables e*(P, 0, ¢») and SF and m2 of
PCAL, ECIN and ECOUT

All models were trained using MC, and validatead
on data and simulations.
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https://misportal.jlab.org/mis/physics/clas12/viewFile.cfm/2024-005.pdf?documentId=172

Fvent Selection

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

— Vertex time difference between FT_e”*- and FD_eA-
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Vertex time difference between the electron in the FD and the
electron in the FT

® The central peak shows well-matched events where both particles come from the same interaction vertex,

while events outside this area are accidental coincidences.
timing structure of the beam.

he 4ns spacing between peaks is due to the




ep — e'p'JIy — eete(p))

® For the reaction ep — e’‘eTe™(p’) A X
B Entries 44713
= M :
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® \We also apply a cut in the missing mass as X

‘MX = 0.9609 ‘ < 30 Missing mass distribution for the final state e’e™e™. The
peak correspond to the missing mass of the proton.




For the reaction ep — e’eTe™(p’)

The missing four-momentum is defined as

pX =pe+pp _pe— _pe+ _pe’

The peak on the distribution sho
the mass of the missing proton.

uld be around

We keep events with E, > 3.1GeV where

Ey — Ebeam o Ee’

nvariant mass M*(e"e™) = (p,- -

- p,+)* should be

in the 2.0 GeV to 3.5 GeV regio

N

We also apply a cut in the missing mass as

| M, = 0.9609| < 36

ep — e'p'Jhy — e'eTe (p)
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® \We examine the distributions within the peak region, defined as 3.0969 *+ 36 GeV. Based on

this we detfine our binning in W.
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Distributions of QA2 and -t as a function of W for all selected events.




Q’>vs W Q’>vs W

QZ 0.12 h_Q2_vs_W_all 2 QZ 0.12 - h_Q2_vs_W_eta0 4
— Entries 141 — Entries 295
Mean x 4.382 m " Mean x 4.388
B : Meany  0.04084 B Meany  0.04527 35
— Std Devx 0.09341 — _ g':g ggz; 88193:633 .
0.1 StdDevy 0.0148 01— :
3
3.0969 = 30 GeV
0.08 0.08 2.5
1 2
0.06 0.06
0.8 15
0.6
1
0.04 04 0.04
0.5
0.2
0.02|||||||||||||||| _||||||||||||||'Fl 0 0-02_||||||||||||||||||J||||.|.||||-|I||..|| 0
415 42 425 43 435 44 445 45 415 42 425 43 435 44 445 45
W W

Q2 vs W distribution for events under the peak (left) and below 2.9 Gev (right). The red curve is
the new upper cut, and the blue line a new lower cut.
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-tvs Q2 -tvs Q?
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—t vs Q7 distribution for events under the peak (left) and below 2.9 Gev (right). As we can

observe, most of the events under the peak are at -t>0.5
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Bin1_Invariant_Mass Bin2_Invariant_Mass

Jp Tit: 23.72 +/- 7.01 S—| J7y Tit: 24.68 +/- 6.85 m
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Yield Calculation

® \\We tested different ways to extract the yield. Our objective was made sure that the

yields were equivalent.

® For the next results we are using %, as our yield

Bin1_Invariant_Mass Weighted

[ J7y fit: 99.32 +/-26.19 | Entries '73
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Electroproduction integrated cross-section

J/p Electroproduction Integrated Cross Sections

: /- Preliminary results
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Integrated Photon Flux »-5.i&

c1>y=[ J [(W, 0% dWdQ* = ) T(W, Q)AWAQ?
AQ2J AW

l,]

Where I' is given as:

1

137
M, = 0.938 GeV is the proton mass,

o Is the fine-structure constant,

E is the incoming electron energy, and E’ the scattered energy,

1

e is the transverse polarization of the virtual photon, given by: € = e

1 +

AEE' — Q2




Photoproduction integrated cross-section

J/py Photproduction Integrated Cross Sections

| 4/ Preliminary results
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Conclusion and Next Steps

® \We presented preliminary measurements of the integrated photoproduction cross
section of the J/y off a liquid hydrogen target, as a function of W.

® This are preliminary results for only one topology, we still have two more topologies:
O ep—epete”

O ep—epe™X

® \We are still doing adjustments, looking into the applied cuts, include MC

background for the efficiency, etc..
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Yield Comparison

® —_Binl—

Yield (Method 1) = 93.5632

Yield (Method 2a) = 98.0501

Yield (Method 2b) = 87.0551

Yield NJpsi w=99.7573

® -—-Bin2-——---

Yield (Method 1) = 214.955
Yield (Method 2a) = 126.184
Yield (Method 2b) = 218.731

Yield NJpsi w=170.002

® - Bin3-——----

Yield (Method 1) = 332.708
Yield (Method 2a) = 373.532
Yield (Method 2b) = 347.169

Yield NJpsi w=428.612




ep — e'p'Jly — e'eTe p’

. I
® Forthe reactionep — e’‘eTe™p E — =
ntries
20 1 —— Jy fit (38.61 +/- 16.56) | seibes 03150
. . . . B Prob 0.02773
® The missing fourrmomentum is defined as - A 38,61+ 16.55
18[- I Sigma 0.0481 5 0.0348
Px = Do+ Dy = Pe- = Do+ — Do = Dy 18 : e
161 X7 ~1.759 + 0.207
. . 4l -
® We looked at the missing mass of the reaction, I 1
expecting it to peak at zero. 12 l ’ [
10f \l
¢ \We keep events with E}, > 8.1GeV where 8l : \ J[
1 ™ \
£y = Epogm — Ee 6’ . \T T X
. . . it Iy
® |nvariant mass M“(e"e™) = (p,- + p,+)” should be o ]j[ T 7L
in the 2.0 GeV to 3.5 GeV region £ - | | / |
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® \We also apply a cut in the missing mass as

| My | < 0.1 Invariant Mass




ep — e'p'Jly — e'eTe p’

® For the reaction ep — e’'eTe™p’ T
Entries 520
2 [ — Jfit (36,22 +/-9.33) | &b 03132
- — Prob 0.3036
® The missing four-momentum is defined as 3 1o mean 301 0007
— sigma 0.02076 = 0.00751
Px = Pe+ Py = Pe- = Per = P = Py 14 :
- . 121
® \We looked at the missing mass of the reaction, i
expecting it to peak at zero. °F
| sl k at
o We keep events with E, > 8.1GeV where o
Ey = Ebeam _ Ee’ i wﬂ
Hiln'
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® \We also apply a cut in the missing mass as
| M| < 0.1 My(e'p’)




ep — e'p'JIy — e'ep'(eT)

® For the reaction ep — e’p'e*(e™) —
o T 2506
c — Std Dev 0.3083
. . . 8 B Prob 0.05801
® \We select one electron in FT, one positron in FD O 351 mean 3106 - 0,606
) B sigma 0.02522 + 0.00626
and one proton in FD. : e 19,05 057
30 - —” X7 -3.932 + 0.338
® The missing four-momentum is defined as o5 | )
Px =Pe T Py = DPe+ —Per — Dy : ﬂ[r !
p p ¢ o - U _ he
® The peak on the distribution should be around 15:1“ | 1 -
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10[} ﬂ
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® \We keep events with E}, > 8.1GeV where g
r_F r —— Jy fit (66.71 +/- 13.95)
y — ~beam — e’ i TS
I [ | | I I P I 1l |
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® \We apply a cut in the missing mass as|My| < 0.1

M X(e D)




