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Electroproduction

ELECTRON BEAM
FROM MAGNETIC ANALYZER

* Has been around for quite
some time!
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Exclusive photoproduction cross sections have been measured for the processes yp—m'n, yp—n‘p,
yp—m A", yp—p°, yp— K*A, and yp— K *3° at large t and u values at several energies for each process

between 4 and 7.5 GeV. These measurements taken together with past data taken at small values of ¢ and u
o Ot h e r provide complete angular distributions. The data show the usual small t and u peaks and a central region in
which the cross section decreases approximately as s ~’. The results are discussed within the context of parton

or constituent models.

measurements of
exclusive
photoproduction
were conducted
which revealed
intriguing
features
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TABLE I. List of reactions and photon energies covered
in this experiment.
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Mechanism of scaling

 Continuing interest in the features
but the cross sections are still
unexplained

* Models tried to explain the
observed cross sections by
considering the number of “active
fields” involved in the
photoproduction

CCR (Constituent Counting Rules)
HHC (Hadron Helicity Conservation)
pQCD (perturbative QCD)

Handbag approach in the GPD
framework (Generalized Parton
Distributions)

T T T T 1T 1T 71771 |ﬁ7 T 17T
|06 | bl 7p"7T+N _
: (6*~90°)
e SLAC
10° + "’&x o MIT Ref.21
N x CIT Ref. 22
4
10% x §
-7
S

~ 103 F =
o
~
K

‘\-; 102 “‘ 7
A

| ]

-8"‘ 10"
10° |- |
107! F i
‘0-2 1 | PR S N SR N U N N A 1
2 4 6 8 10 20
s (Gev?)

FIG. 20. 90° ¢c.m. values of do/dt versus s for the
process yp —m*n from several experiments from E,
=700 MeV to EY =T7.5 GeV. The solid line shows the
function s~7 for reference.




Photoproduction

experiments in Hall A

PHYSICAL REVIW C 71, 044603 (2005)
Cross section measurements of charged pion photoproaactio ydrogen and deuterium

from 1.1 to 5.5 GeV

* Photoproduction experiments
conducted in Hall A using LHRS and
RHRS

e t* and 1t cross sections and their
ratios studied for a range of s and t

Left Spectrometer

 Many intriguing features that still
have continued interest at Jefferson
Lab




Experiment in Hall A E94-104
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But leading order calculations fall short!

Signatures of the handbag mechanism
in wide-angle photoproduction of pseudoscalar mesons

H.W. Huang', R. Jakob?, P. Kroll?, K. Passek-Kumericki®

! Department of Physics, University of Colorado, Boulder, CO 80309-0390, USA
2 Fachbereich Physik, Universitit Wuppertal, 42097 Wuppertal, Germany
3 Theoretical Physics Division, Rudjer Boskovié¢ Institute, 10002 Zagreb, Croatia

AN
P

do(yn — 77 p) _ [eus+equ

_ ;A

P=P-5 P=p+y

Fig. 1. The handbag diagram for photo- and electroproduction

of mesons. The large blob represents a baryon GPD, while the

small one stands for meson photo- and electroproduction off
partons. The momenta of the various particles are indicated

Leading-twist one-hard-gluon
exchange diagrams for the “hard”
parton level subprocess y(Vq —
Mq
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Feynman diagrams
including two- and
three-particle Fock
components of the
meson
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Fig. 4. The ratio of the yn — 7~ p and yp — 7 n cross sections
versus photon beam energy E, at a CMS scattering angle of
90°. Data are taken from [31]. The solid line is the handbag
prediction with the identification (48). The uncertainties due
to target mass corrections [30] are indicated by the shaded
band
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¥ photoproduction

experiments in Hall B

* Calculations using the Handbag
aploroach that includes only twist-2
fall short by more than two orders
of magnitude

* Missing some crucial information in
the amplitude used in calculations

* Figuring that out will shed light on
the interaction mechanism .
responsible for these cross sections

| Exclusive photoproduction of z° up to large values of Mandelstam variables s, ¢, and u with CLAS

-
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FIG. 5. Differential cross section of 7° photoproduction. The
CLAS experimental data at s = 11 GeV? are from the current
experiment (red solid circles). The plotted uncertainties are statistical.
The systematic uncertainties are presented as a shaded area in the
subpanel. The theoretical curves for the Regge fits are the same as in
Fig. 4 and the Handbag model by Kroll ef al. [12] (blue double solid
line).




Calculations with
higher twists

Calculations with twist 2 and
twist 3 contributions
performed for i’ are not
only important but
dominant

They are in reasonable
agreement (black curve)
with CLAS data

Polarization test of the
handbag mechanism is
necessary and timely

Twist-3 contributions to wide-angle
photoproduction of pions

P. Kroll
Fachbereich Physik, Universitit Wuppertal, D-42097 Wuppertal, Germany
K. Passek-Kumericki

Theoretical Physics Division, Rudjer Boskovi¢ Institute, HR-10002 Zagreb,

Croatia
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Figure 3: Results for the cross section of 7% photoproduction versus the
cosine of the c.m.s. scattering angle, 6. The solid (dashed, dotted) curves
represent our results at s = 11.06 (20,9) GeV?. The data at s = 11.06 GeV?
are taken from CLAS [34]. The cross sections are multiplied by s” and the
theoretical results are only shown for —t and —u larger than 2.5 GeV?.




Helicity correlation K, — dot =) —do(=, =)
o —
observables
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Measurements have been
conducted for WACS for mt®
which show good agreement
with handbag mechanism

Calculations made by Kroll et al
for WAPP 1t case

Measurement will test the
calculations as well as provide
constraints for other models

This measurement is
fundamental, important and the
first of its kind in the wide angle
regime!
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Experimental setup: same as GEn-RP setup

6.6 GeV electron beam (photons GNHGasCheenion o
" the range 4.0 - 6'0 GeV) \ X Schematic View of 4.5 (GeV/c) Kinematic Setting
\\ * Timing Hodoscope Dimensions mm
. . 4 G rackers
LD2 target with 6% Cu radiator e EM Tracx
upstream y
1559
Electron :
Beam 7

5 micro amps beam for 2 PAC S
days to reach 5% absolute ; e
statistical uncertainty

3721

Cu Analyzer

. . . Charge Exchange np->pn Scattering
BigBite as the pion arm A RN

Hadron Calorimeter

~28sp HCAL

1219 ~

SBS as the nucleon arm

Coordinate //,
Detector

Experiment approved!



A simulated WAPP (yn — 1t p) event in the GEN-RP setup
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BigBite Spectrometer
at 41.9 deg: ™ arm

=l deg: Nucleon spectrometer and polarimeter

15 cm LD, target

with 6% Cu Rz-idiator This proposal uses identical spectrometer
(0.9 mm thick) (9 layout as approved GEN-RP (E12-17-004)

6.6 GeV CEBAF electron beam, ~85% polarized, 5 uA
Total electron-nucleon luminosity ~6x1037 cm=2 s~ 1
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Projected results for K,

Yn — T p:
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summary

Wide angle pion photoproduction is an interesting and a powerful took to study the
interaction mechanism in the wide angle regime

Calculations show that twist-3 not only important but dominate the Wide Angle regime

A solution (handbag approach in the framework of GPDs) has been proposed and an
independent test of the polarization observables is timely and necessary

Experiment approved by PAC48 and will be incorporated into GMn run plan!

We can test something fundamental that will contribute to the 3D picture of the nucleon



Thank you!



Real Compton Scattering
(RCS)
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Handbag diagram for RCS:
Kroll, EPJ A, 53, 130 (2017)
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RCS K;;: Fanelli et al., Phys. Rev.
Lett. 115, 152001 (2015) and Hamilton
et al., Phys. Rev. Lett. 94, 242001 (2005)

Slide courtesy: Andrew Puckett

102E <10 e =4 JLab
E A
C / oo A Cornell
R
%) - VL s =6.8 GeV’
1 -
Q =
o C
S =
s g
Q L
B 107
© B
4l ! ! !
10 0 2 4 6 8

-t (GeV?)

RCS cross sections: A. Danagoulian et
al, PRL 98, 152001 (2007), compared to
GPD-based calculations

RCS cross sections from Hall A in reasonable agreement with /eading-twist GPD/handbag predictions
Polarization transfer K;; for RCS measured in Halls A and C.
« Hall A result (2005) consistent with pre-existing GPD-based prediction

« Hall C result (2015) not consistent with any calculation available at the time.

Updated GPD calculations (Kroll, Eur. Phys. J. A 53 (2017) 6, 130) consistent with Hall C WACS K, result
after improved modeling of poorly known axial GPD H
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Figure 12: Distributions of E., the incident photon energy, pr, the 7~ momentum in BigBite, and pp, the proton

momentum in SBS. Note that 4 GeV was the lower limit placed on E. for “signal” event generation.
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Single arm and coincidence rates

Table 1: Estimated single arm and coincidence trigger rates from PYTHIA, assuming 5 pA on 15-cm LD; target
with 6% Cu radiator. The “Pion” logic consists of requiring the preshower signal to be less than 100 MeV and
applying the indicated threshold on the shower. The “Electron” logic consists of applying the indicated threshold
on the sum of preshower and shower signals. The coincidence timing window is assumed to be 30 ns wide for the

accidental rate estimate.

Trigger Logic “Pion” “Pion” “Electron” “Electron”
Threshold (GeV) 0.2 0.5 0.2 0.5
“Signal” pion efficiency 75% 49% 97% 71%
BigBite singles rate (kHz) 422 91 976 289
HCAL singles rate (kHz) 416 416 416 416
Accidental coin. rate (kHz) 5.3 1.1 12.2 3.6
Real coin. rate (kHz) 6.2 2.5 14.3 6.5
Total coin. rate (kHz) 11.5 3.6 26.5 9.8
Physics signal rate (yn — n~p, Hz) 16.3 10.4 23.5 17.2
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