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Generalized Parton Distributions (GPDs)
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Generalized Parton Distributions (GPDs)
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GPDs: 3-D nucleon images in
the transverse coordinate and e B o o) ..
longitudinal momentum space

Uncertainties
I pnor to CLAS data

from CLAS @ 6 GeV data
BN expected for JLab @ 12 GeV

GPDs encode information on

=>» the distribution of pressure and shear forces 1of e Bkt Exacattis Grod,
> Nature 557, 396-399 (2018)

via gravitational form factors
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=>» the nucleon spin via Ji‘s sum rule 3
= the tensor charge &
- the anomalous tensor magnetic moment
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Study GPDs: Deeply Exclusive Processes

Deeply Virtual Compton
Scattering (DVCS)

2af

N(P) N(P’)

+ Clean process

- Only sensitive to chiral even GPDs

Deeply Virtual Meson
Production (DVMP)

Transv. dist. < Ry
c |
L. T>uvw hard ::)—> M
DA

1
N =pue( GPD )ubum N’

H, H, E E Hy, FIT’ E., IAE/T

+ Access to transversity degrees of freedom
described by chiral-odd GPDs

- Distribution Amplitude (DA) is involved
as additional soft non pert. quantity
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From the ground state nucleon to resonances
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How does the exitation affect the 3D structure of the Nucleon?

Q.

- Pressure distributions, tensor charge, ... of resonances?

Traditional way: Study of transition form factors (2D picture of transv. position)

3D picture of the exitation process: Encoded in transition GPDs

Simplest case: N—A transition = 16 transition GPDs

* 8 helicity non-flip transition GPDs (twist 2)

- Related to the Jones-Scardon and Adler
EM FF for the N — A transition

» 8 helicity flip transition GPDs (transversity)
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Non-diagonal DVCS / DVMP

non-diagonal DVCS non-diagonal DVMP

QQ e’

A Y- 5

trans. GPD trans. GPD
N N* N*
N'

factorization expected for: -t/Q?small, Q%> M2« Xz fixed

8 helicity non-flip trans. GPDs + 8 helicity flip trans. GPDs
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ep >eN" T Sepr

Factorization expected for:

-t/ Q%<< 1, xgfixed, and Q% > M,?

=>» Provides access to p-A transition GPDs

A ot

p
\/ - =» 3D structure of the A resonance and
) of the excitation process

1
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CLAS12 at JLAB

V. Burkert et al., Nucl. Instr. Meth. A 959, 163419 (2020)

=» Data recorded with CLAS12 during fall 2018 and spring 2019 (RG-A)
= 10.6 GeV/10.2 GeV electron beam ~ 86 % average polarization

=> liquid H, target
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Event Selection and Kinematic Cuts

i . lg, 10000
Event selection: ep >epr X 8
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K= w000
4000
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Kinematic cuts: 7E
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Event Selection and Background Rejection

ep >epp —>epr' T
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2 MC samples have been used:

Monte Carlo Simulations

a) Background: Semi-inclusive DIS MC

* Does not contain the A** production in ,,forward“ kinematics

* Contains nonres. background as well as p production and other potential backgrounf channels

* Used to estimate background shape and contaminations

b) Signal: Exclusive m"A** MC

* Phase space simulation with a weigth added to match experimental data

* A peak with PDG mass and FWHM

=>» Both MCs are processed through the full simulation and reconstruction chain

— data excl. MC
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Signal and Background Separation
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BSA
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Resulting Beam Spin Asymmetries (Q%-xg integrated)
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Background Asymmetry Subtraction

Method 1: A sideband based background subtraction

» S/B ratio from a fit of the signal shape and background
asymmtry from the sideband

Method 2: A bin-by-bin background subtraction

» Fit of the pm* inv. mass with a ,Sill* function and
a 5th order polynomial in each Q?, Xg, -t, ® bin.
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bin 1 ((Q°) = 1.95 GeV?, (x.) = 0.19)

Results
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Outlook and Next Steps

non-diagonal DVCS Other non-diagonal DVMP channels
0__+ — +
ep—oe Aty se‘nmty ep >eNrn” —>e(prn )
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=>» The prt* final state can only be populated by A-resonances

- Large gap between A(1232) and higher resonances
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Non-Diagonal DVCS
ep—-oeA'y se‘nmy
Kinematiccuts: W=>2GeV Q*>1GeV? y<08 -t<2GeV? Epyg>2GeV

Background:
M(z* y) for 1.13 GeV < M(z" n) < 1.33 GeV

2 400 —

P - CLAS12
300 p* preliminary
250
200_—

150:
1005
sof-
% 05 1 152 25

3
M.., [GeV]

* Dominant background from p* — Ty
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CLAS12
preliminary

* study in progress

* T mainly in CD
and low momentum

* Good agreement
of BSA

» awaiting pass 2
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Studies of Transition GPDs at JLab 22 GeV

Q2-x Miire
B
< 2 £ 6000 T
8 JI‘ "11 0.6 GeV
O 5000 HH \
r "
4000 /
f Y18 GeV
3000 1 "1 \L\
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1000 } \\\1 e
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 Comparison of the available phase space, accessible with
the present CLAS12 setup, in Q% — x; or the t"A++ process
under forward kinematics (-t < 1.5 GeV?) (left) and for the
n+1t—- invariant mass of the same process.
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N—A, 2, 2* GPDs in K production with CLAS12

2500 A(1520) Pol2 Background :: .
r Vioigt Signal preal e
- 1 w— VO!W . 1539 4280
2000 — \ R . e
ﬂ|s(x):— l ’ . & T
N =p==(  GPD )-u— A > £ \
1000 _” ! 'th“ TN
- | ' = (8 = L LJU *-'r E
Production mechanism - j R g L e
500— /. g
Same twist-3 mechanism with chiral-odd r o et Vin
structures as 7, § production B AR R O e e IR A
93 15 16 37 18 19 2
IM(K p) [GeV]
Symmetry relations for strange chiral-odd GPDs Invariant mass distribution of pK ™
N = A,X relatedto N = N after ep — €'p’K K~ events are selected.
by conventional SU(3) flavor symmetry
N — Z* relatedto N = N,A, X * 22 GeV kinematic coverage is similar

by SU(6) spin-flavor symmetry in large-N.. limit . .
y SUC) sp Y i 1819e-Ye to exlcusive A** t~ production.

Predictive power; quantitative predictions possible
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Conclusion and Outlook

1. Hard exclusive m~A™ production has been measured with CLAS12 and
provides a first observable sensitive to p->D transition GPDs. (Phys. Rev. Lett.
131, 021901 (2023))

2. The obtained BSA is clearly negative and ~ 2 times larger that for ©t*

3. Atransition GPD based description of the reaction exists by P. Kroll and K.
Passek-Kumericki ( ), but a reliable prediction
of BSAs is not possible due to missing experimental constraints to the
transversity transition GPDs.

Outlook

1. Cross sections and A, of T=A*" (Run Group C) will provide further constraints
to the transition GPDs.

2. Other N->N* DVMP processes are under investigation by scanning invariant

mass of N7
3. The N->N* DVCS process will further constrain the twist-2 transition GPDs.

<
UCONN | 8yessimer classt
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CLAS12

Beamline

‘ Click on
boxes for info

Transition Form Factors l Transition GPDs (3D N* Physics)

(N* Physics) at 6 GeV JLab Era at 12-22 GeV JLab Era

8/8/2023 Hadron Femtography 24



Sources of Systematic Uncertainty

. Uncertainty of the background subtraction

- 2 sources of uncertainty: S/B ratio and sideband asymmetry

- Both sources were varied within their uncertainty range
=> Typically in the order of 1.5 % (low -t) - 12.5 % (high -t) (stat. ~ 12 - 25 %)

= Dominant sys. uncertainty for the high -t bins
. Uncertainty of the beam polarization ~3.1%
. Effect of the extraction method and the denominator terms ~ 2.8 %

. Acceptance and bin-migration effects ~2.9%
- Comparison of injected and reconstructed BSA in the MC

. Radiative effects ~3.0%
. Other sources (particle ID, fiducial cuts, ...) <2.0%

Total: 7.1 -14.3 %
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Background Subtraction

* Based on the obtained S/B ratio and based on the asymmetry of the sideband, the
contribution of the non-resonant background has been subtracted.

* As acrosscheck, a bin-by-bin background subtraction has been performed with a fit of the
signal and background function in each phi bin and for each helicity state.

* A good agreement of the two methods has been found.
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Background Subtraction

o

Method 1: A sideband based background subtraction
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Background Subtraction

Method 2: A bin-by-bin background subtraction

« Fit of the p1r* inv. mass with a ,Sill* function and a 5th order polynomial in each Q?, xg, -t, ® bin.
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