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Experiment Overview Chgoﬁ

Description

» Electrons accelerated by CEBAF scatter off a liquid Hydrogen
target at low scattering angles through the exchange of a
quasi-real photon at Q% ~ 0

» Detect the recoil proton and the e*e- from the decay of J/y

= Experiment 12-12-001 was approved for 120 days of
beamtime on CLAS12 at a luminosity of 103> cm2 s
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Physics Goals

» Probe the distribution of color charge in the nucleon 01-

» Measure the t-dependence of the differential cross
section of J/i photoproduction
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» Study the production mechanism of J/i near threshold
= Measure the total cross section as a function of photon Bl
energy |
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= Study the forward-backward asymmetry to access the real M Gev)
part of the Compton scattering amplltUde *O. Gryniuk, and M. Vanderhaeghen. Phys. Rev. Lett. (2016)



Proposed Models For J/1 Photoproduction

= The incoming photon couples to the gluon field
through an intermediate virtual charm-anti-charm
pair

= Near threshold, momentum transfer becomes
large and all three valence quarks must exchange
energy in the form of gluons for the elastic
production of J/i. This will allow the study of
gluonic form factors of the proton
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*S.J. Brodsky, E. Chudakov, P. Hoyer, and .M. Laget. Phys. Rev. Lett. (2008)
*A Ali. et al (GlueX Collaboration). Phys. Rev. Lett. (2019)

Available Experimental Results
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Proton in e+e- Pair Production with CLAS12 at 11 GeV”, Thomas Jefferson National
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Forward-Backward Asymmetry Chgoa

* The real part of the forward J/i-p
scattering amplitude can be accessed

do(6°¢"™) — do (6 ¢ ™ — 180°)
do (¢ ™) 4 do(6¢¢ ™ — 180°)
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CLAS12 Forward Detector Particle ID Strategy Chgoa

* For e'e  detection with p <5 GeV....
o Use REC::Particle.chi2pid to constrain sampling fraction’s deviation to expected mean value
o Keep the same HTCC photoelectrons (2) cut & PCAL minimum energy cut (60 MeV) from
the CLAS12 event builder
* For proton detection...
o Restrict to forward detector for J/y

o Use REC::Particle.chi2pid to constrain the proton’s deviation from the expected vertex time
for a given FTOF timing resolution

* For e*e” detection with p>5 GeV...

o For positrons, utilize the Boosted Decision Tree output value cut (-0.02) from ROOT’s multi-
variate analysis package. The following variables are used: PCAL E/p, ECIN E/p, PCAL # of
Strips, ECIN # of Strips, ECOUT # of Strips, Number of HTCC Photoelectrons from missing
neutron events

o For electrons, utilize a cut-based approach...

« ECIN SF vs. PCAL SF diagonal cut, PCAL Strips < (16), ECIN Strips < (20), ECOUT
Strips < (13), PCAL M2U/DU < (44), ECIN M2UVW/DUVW < (165), ECOUT
M2UVW/DUVW < (130), NPHE >= (3)

* For efep vertex constraints...
o Electron-Positron VZ MC Resolution (o = 0.41 cm)
Electron-Proton VZ MC Resolution (¢ = 0.63 cm)

O E
o Electron-Positron VT MC Resolution (¢ = 0.0138 ns)  covmee __
o Electron-Proton VT MC Resolution (¢ = 0.0227 ns) Lo
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Developing Training Samples For Positiron MVA

Analysis
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Missing Mass of Neutron (Low-Energy Electron)
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h_missing

For the “background”, a low-
energy electron (2 GeV <p <
4.5 GeV) was selected along
with a high-energy positive
particle (p >5 GeV). Missing
mass cuts were used to select
those suspected pions

Entries
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Std Dev
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Missing Mass of Neutron (High-Energy Electron)
h_missing
) Enti 42985
For the “signal”, a low-energy Mean 1,384
Std Dev 0.4171

pion (2 GeV <p <4.5 GeV)
was selected along with a
high-energy negative (p >5
GeV). Missing mass cuts
were used to select those
electrons
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Distinguishing Signal vs. Background For ClaS
Particle ID At High Momenta With A.l.

Input variable: PCAL SF Input variable: ECIN SF Input variable: PCAL Total Strips
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Optimal Cut Value Using The Boosted Decision Tree

Machine Learning Method

Cut efficiencies and optimal cut value
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Testing the Boosted Decision Tree (BDT)

MVA BDT
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*Data sample with
10000 signal events
(real positrons) and
10000 background
events (mis-identified
positrons) was tested
with the Boosted
Decision Tree (BDT)

*Events above the red
cut are computed as
signals and below that
are backgrounds

*The two peaks clearly
show that background
and signal events ca
be successfully
separated.

MVA_BDT
Entries 20116
Mean -0.02152
Std Dev 0.1941
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Parametrization of Electron 2"d Moments vs. Strips

Additional cuts can be applied separately to reduce electron-pion contamination such as
2"d moments. These were not included in the MVA analysis since they are highly
correlated with the # of strips and MVA becomes less effective with more input variables.
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40
Parametrization of Pion 2" Moments vs. Strips Class

Pion PCAL M2U Pion PCAL M2V Pion PCAL M2W
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.
2nd Moment/Strip Ratios For Electrons and Pions ClaS#
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Development Of Event Selection Criteria Using Chgoa
Simulations

Establishing criteria for event selection is done to understand the measurement of the un-detected
forward scattered (6 ~ 0) electron after the exchange of a quasi-real photon. The transverse missing
momentum, Q?, and missing mass were analyzed to develop selection cuts

ep —>ete p'(e)

Q2 Transverse Missing Momentum
1600 h_g2 = h_trans_pt
Entries 36454 1200 “Enmries 0108620271
- ean B
1400 Mean 0.008587 - Std Dev 0.05131
1200 Std Dev 0.01152 1000 = 2 / ndf 159.1/18
%2 / ndf 936.4 /196 - Prob 1.239¢-24
1000 Prob 0 800 |— u 39.57 = 1.38
- u 7.819 + 0.073 - o 0.02427 = 0.00108
800 : o 0.004412 + 0.000080 600 - e 0.009803 = 0.000250
- o _2.504e-16 = 2.213e-05 - 3 . #n 1001-04
S0 #n 19.21+ 0.45 sool ;J/l/) MC Resolution (6 = 0.02)
400f— . GeV? B
= Q? J/yp MC Resolution (0 =0.0044 —; ) n
200 200[—
00 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.(‘)4 0.0‘45 0.05 I I0.:)2I I I0.;)4I I IO.:)SI I I0.(‘)8I I IOI.‘II I I0.‘I|2I I I().!l4I I IO.‘IIGI I I0.;8I I I0.2
Square of Missing Mass (Left) Square of Missing Mass (Right)
h_missing_1 h_missing_2
1600 f— Entries 15642 1400 B Entries 20812
E Mean -0.006596 Mean 0.02851
1400 |— Std Dev 0.007539 1200 Std Dev 0.03396
o 2 / ndf 182.8 /66 ¥2 / ndf 536.6 / 66
1200 = Prob 6.613e-13 1000 Prob 0
- u -19.71+ 0.22 u 23.21+0.33
1000 :_ o -0.008026 + 0.000149 800 o 0.01446 = 0.00039
00— a -8.055e-07 + 5.209e-05 ~ o -8.649e-06 = 8.895e-05
= #n -0.8895 + 0.4324 N #n 49.94 + 1.62
600 |— 5 -
woE. Me“J/Yp MC Resolution (o = 0.0080) a0~ 5
= - M,“J/yp MC Resolution (o = 0.014)
200 200
= - PRI T TN T N T T S TN T N 0 - | | - | il I n L 1
—8.04 -0.035 -0.03 -0.025 -0.02 -0.015 -0.01 -0.005 [o] 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

13



Event Selection Optimization (Pt/P)

Invariant Mass With Varying TransP/P (Cut 1) Invariant Mass With Varying TransP/P (Cut 2) Invariant Mass With Varying TransP/P (Cut 3)
T h_invmass_trans 2

33333838888
A M A
ys333858888
e e

E

Invariant Mass With Varyin

Phi Yield vs. Pt/P Cut
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*The number of J/Psi’s increases when Pt/P approaches 7
sigma. However, many of these J/Psi events are not real
and are due to background.

*The reduction in the phi signal ratio indicates the
increase in background events as Pt/P approaches 7 sigma
*Correlations between variables need to be studied
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Event Selection Optimization (Square of Missing Mass) Ck)goa
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*The reduction in the phi signal ratio indicates that 10

the negative side of the square of the missing mass 0
should have a tighter cut. 0 1 2 3 4 5 6 7 8
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<40
Event Selection Optimization (Square of Missing Mass) clasy

Invariant Mass With Varying MM*2 (Gut 1)
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*The phi signal ratio is consistent, so loosening the
cut on the right side of the square of the missing

mass will not contaminate the data sample.
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Fiducial Volume Strategy Chg«ﬁ

—

Procedure...

* Study sector-dependent electron sampling fraction as a
function (called f(p)) of momentum (p > 2 GeV) while
constraining PCAL LU, LV, and LW in order to isolate
independent variables

* With the momentum-dependent electron sampling fraction
parametrization, study the sector-dependent electron
sampling fraction as a function of PCAL LU called g(LU).

* With the PCAL LU-dependent electron sampling fraction

parametrization, study the sector-dependent electron
sampling fraction as a function of PCAL LV and PCAL LW

17



PCAL LV Dependence

Sampling Fraction vs. LV (Sector 1)
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*Applying 15 cm cuts on LV would be reasonable for
removing electron candidates with shower leakage
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Sampling Fraction vs. LV (Sector 3)
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PCAL LW Dependence g
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*Applying 15 cm cuts on LW would be reasonable for
removing electron candidates with shower leakage
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Sampling Fraction vs. PCAL LU Position

The sampling fraction was studied for each sector for its dependence on LU, which
is the distance between the shower peaks and the edge of the PCAL
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0.0002058 =+ 6.89e—-05
0.008675 + 0.002786

7.975e—-05 + 1.273e—-05
0.002556 + 0.000379

0.007005 / 24
—1.326e+05 + 3.938e+04

0.003607 / 23
—1.257e+05 + 2.745e+04
—7.556e—-06 + 1.639e—-06

—7.339e—-06 + 2.17e—-06
4.719e—05 + 1.855e-05
0.001982 + 0.0006559

7.595e—05 + 2.14e—05
0.003313 + 0.0008159




Event Selection For Quasi-Real Photoproduction From  cloS
Fall 2018 Data

ep > e*e p'(X)

Q? and MiSSing Mass Criteria..... Transverse Missing Momentum Criteria.....
Q% <0.018 £ <0.06
-0.032 < MM2<0.11

MM? (GeV?)
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Invariant Mass From Fall 2018 Data Ck)goﬁ

Invariant Mass e+e- J/Psi Invariant Mass
h_invmass h_jpsi

450 — Entries 6932 C S Entries 6932

e 7 2 Mean 1.058 C Mean 2.89
400 — w 8 ) Std Dev 0.4542 30— Std Dev 0.2193

= x2/ ndf 23.36/23 - X2/ ndf 8/8
350 — Prob 0.44 o5 Prob 0.4335

B X1 397.2£40.0 - X1 69.89 +11.32
300/— X2 1.009 +0.002 C X2 3.076 + 0.005

B X3 0-020651 i 0-307215 o0l— X3 0.04282 + 0.00838
20 p (770) X4 5= 700 - X4 20.37 +5.93

= X5 90.58 + 35.33 C X5 2155 4 1.789
200 (,0(1 020) X6 89.76 + 4.37 15/
150 f— -

- 10 [~
100 C

- SE

0 JAp (3097) E
0 : et EPN Y J | | | | ‘ 1 1 1 1 | 1 1 | | J1—L"‘J—"‘1- L | 1 \ L 1 1 1 7\ L1l ‘ | | ‘ ] | ‘ | | I | I I I L1 L | I . ‘ | | ‘ | I |
0 0.5 1 15 2 25 3 35 4 85 2.6 2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 35
Mass (GeV) Mass (GeV)

s *°F
» Using the exclusivity cuts, the § Z‘;__ The J/i's are near the threshold energy.
invariant mass of the ete- pairwas & = *
calculated to show the £ a.é— S R iy
reconstruction of vector mesons = e
» With the in-bending runs from Fall " e
2018 dataset, approximately 70 J/i's & * . S
were extrapolated from the fit A LT
S T e R T

Photon Energy (GeV)
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Next Steps Ckﬁoﬁ

* Analysis framework with particle identification and
event selection nearly complete

« High statistics from the completion of the RG-A
pass] data processing will allow for the
measurements of cross sections and the forward-
backward asymmetry

* Acceptances and normalization using Bethe-Heitler
MC simulations will be completed with latest
software releases

* Kinematic fitting & momentum corrections to be
developed for this reaction.

* Work is being documented for a future analysis note
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