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I. INTRODUCTION
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GPDs map the 3D nucleon structure as the quark’s longitudinal

momentum correlated with its transverse spatial distributions.

GENERALIZED PARTON DISTRIBUTIONS
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Deeply virtual Compton scattering (DVCS) provides the cleanest

access to chiral-even GPDs: 𝐻𝑞 primarily, ෩𝐻𝑞 and 𝐸𝑞.

DEEPLY VIRTUAL COMPTON SCATTERING

DVCS kinematics: 

scattering plane (light blue) 

and reaction plane (cyan)

DVCS accessing GPDs

𝑘

𝑘′

𝑞′

𝑞

𝑝′

𝑝∙
𝜃

𝜙

5

𝑥 − 𝜉 𝑝

1 − 𝜉 𝑝

𝑥 + 𝜉 𝑝

1 + 𝜉 𝑝

𝑞 𝑞′



DVCS AND BETHE-HEITLER
BH
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DVCS measured at different beam energies allows the extraction of

𝒯DVCS
2 for which GPD enters through the Compton form factor ℋ 𝜉, 𝑡 .

DVCS



DVCS AT MULTIPLE BEAM ENERGIES
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Nucleon Pressure Distribution 

With 𝐻 𝑥, 𝜉, 𝑡 , the Dispersion Relations allow access to 𝐷 𝑡 term

and eventually to the form factor 𝑑1:

𝑑1 𝑡 = 15𝑀𝑁න𝑑3𝑟
𝑗0 𝑟 −𝑡

2𝑡
𝑝 𝑟 = 5𝑀𝑁න𝑑3𝑟

𝑗2 𝑟 −𝑡

𝑡
𝑠 𝑟

Pressure 𝑝 𝑟 and shear force 𝑠 𝑟 distributions inside the nucleon

may shed light on confinement mechanism.

Projected measurement

for DVCS with CLAS12



II. EXPERIMENT

8



CEBAF AT 12 GEV AND CLAS12

First DVCS experiment with CLAS12 was performed in of 2018 at

6.5 GeV, 7.5 GeV, and 10.6 GeV polarized beam energies with ~87%

average polarization, employing liquid hydrogen as production target. 9



DETECTOR-BASED 𝑒′𝑝′𝛾 SELECTION

DVCS sample selection requires 1 electron, 1 proton, and 1 photon

as reconstructed in the Event Builder.

𝑝′ in CD Subsystem and 𝛾 Hit in FT 𝑒′𝛾 in FD Subsystem
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CLAS event display for a simulated DVCS event



III. ANALYSIS
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𝑒′𝑝′𝛾 EVENT SELECTION

Kinematic distributions of the selected particles reflect the detector

topology.
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𝑒𝑝 → 𝑒′𝑝′𝛾 EXCLUSIVITY CUTS

𝑄2 = −𝑞2 above 1 GeV2 and 𝑊 = 𝑞 + 𝑝 2 above 2 GeV conditions

are implemented as deep inelastic scattering (DIS) cuts.

∆𝜃cone 𝛾 = cos−1 ൗ𝑞′ ∙ 𝑋𝛾 𝑞′ 𝑋𝛾
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IV. PRELIMINARY RESULTS
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INTEGRATED RAW BEAM SPIN ASYMMETRY I

Raw Beam Spin Asymmetry (BSA) is fitted with 𝐵𝑆𝐴 =
α sin 𝜙

1+𝛽 cos 𝜙
and

statistical errors (only), at 6.5 GeV beam energy.
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6.5 GeV α = 0.119 ± 0.003

β = -0.534 ± 0.025

χ2/ndf = 1.122



INTEGRATED RAW BEAM SPIN ASYMMETRY II

Raw Beam Spin Asymmetry (BSA) is fitted with 𝐵𝑆𝐴 =
α sin 𝜙

1+𝛽 cos 𝜙
and

statistical errors (only), at 7.5 GeV beam energy.
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7.5 GeV α = 0.109 ± 0.003

β = -0.576 ± 0.024

χ2/ndf = 1.455



RAW BEAM SPIN ASYMMETRY AND BEAM ENERGY
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Results for sample bins show raw BSA dependence on beam energy.

7.5 GeV , 𝒙𝑩: 0.21, all −𝒕

6.5 GeV, 𝒙𝑩: 0.25, all −𝒕

Q2 = 1.2 GeV2 Q2 = 1.5 GeV2 Q2 = 2.0 GeV2

Q2 = 1.2 GeV2 Q2 = 1.6 GeV2 Q2 = 2.4 GeV2

α = 0.064 ± 0.007

β = -0.716 ± 0.060

χ2/ndf = 0.530

α = 0.112 ± 0.008

β = -0.588 ± 0.055

χ2/ndf = 1.055

α = 0.178 ± 0.010

β = -0.249 ± 0.070

χ2/ndf = 0.937

α = 0.058 ± 0.006

β = -0.792 ± 0.045

χ2/ndf = 0.957

α = 0.087 ± 0.007

β = -0.720 ± 0.051

χ2/ndf = 0.894

α = 0.178 ± 0.007

β = -0.520 ± 0.050

χ2/ndf = 1.164



RAW BEAM SPIN ASYMMETRY OBSERVABLES

18
Together with the information from cross-section measurements,

BSA observables eventually leads to the extraction of 𝐷 𝑡 term.

6.5 GeV 7.5 GeVQ2 = 1.2 GeV2

Q2 = 1.5 GeV2

Q2 = 2.0 GeV2

Q2 = 1.2 GeV2

Q2 = 1.6 GeV2

Q2 = 2.4 GeV2



𝜋0 CONTAMINATION SUBTRACTION I

Shown is subtraction of DV𝜋0P contaminants from raw 𝑒𝑝𝛾 events

at 7.6 GeV bean energy and
−𝑡

𝑄2
less than 0.25.

𝑓 ≡ 𝑟sim อ
𝑁𝜋0 𝛾𝛾

𝑁𝑒𝑝𝛾
dat
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α = 0.212 ± 0.007

β = -0.207 ± 0.043

χ2/ndf = 0.628

α = 0.173 ± 0.024

χ2/ndf = 1.553
𝑟 ≡ อ

𝑁𝜋0 𝛾

𝑁𝜋0 𝛾𝛾
sim=dat

𝐴raw = 𝐴𝑒𝑝𝛾 𝐴𝜋0 = α sin𝜙

𝐴DVC𝑆

=
𝐴raw−𝑓𝐴𝜋0

1−𝑓

α = 0.223 ± 0.008

β = -0.158 ± 0.048

χ2/ndf = 0.915



𝜋0 CONTAMINATION SUBTRACTION II

Shown is subtraction of DV𝜋0P contaminants from raw 𝑒𝑝𝛾 events

at 7.6 GeV bean energy and
−𝑡

𝑄2
greater than 0.25.

𝑓 ≡ 𝑟sim อ
𝑁𝜋0 𝛾𝛾

𝑁𝑒𝑝𝛾
dat
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α = 0.074 ± 0.004

β = -0.688 ± 0.029

χ2/ndf = 1.208

α = 0.045 ± 0.004

χ2/ndf = 1.233
𝑟 ≡ อ

𝑁𝜋0 𝛾

𝑁𝜋0 𝛾𝛾
sim=dat

𝐴raw = 𝐴𝑒𝑝𝛾 𝐴𝜋0 = α sin𝜙

𝐴DVC𝑆

=
𝐴raw−𝑓𝐴𝜋0

1−𝑓

α = 0.136 ± 0.006

β = -0.443 ± 0.038

χ2/ndf = 1.848



INTEGRATED DVCS RAW BEAM SPIN ASYMMETRY

Integrated DVCS BSA after 𝜋0 contaminant subtraction.
21

6.5 GeV 7.5 GeV
α = 0.180 ± 0.005

β = -0.302 ± 0.029

χ2/ndf = 1.506

αraw = 0.109 ± 0.003

βraw = -0.576 ± 0.024

απ0 = 0.049 ± 0.004

α = 0.179 ± 0.004

β = -0.421 ± 0.027

χ2/ndf = 1.584

αraw = 0.119 ± 0.003

βraw = -0.534 ± 0.025

απ0 = 0.051 ± 0.003



V. SUMMARY
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SUMMARY
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• First DVCS beam spin asymmetry at 6.5 GeV and 7.5 GeV was

measured with the goal of deepening our understanding on the

GPD-modelled 3D structure of the proton and its mechanical

properties.

• Raw BSA was extracted from 𝑒𝑝𝛾 sample after implementing

exclusivity cuts and correction was performed by eliminating

DV𝜋0P contamination; bin by bin implementation will follow.

• Kinematic and finite bin size corrections will be implemented

after which, systematic errors will be estimated for the final BSA

results.

• Dependance of BSA to various kinematic observables will be

studied in detail.

• Together with DVCS cross-section measurements, the results of

this analysis will be used to extract GPDs and map the proton

pressure and shear force distributions.



THANK YOU!!!
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