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Overview [E2A06-101/E1207-105 (Pionl)

Goals

C Separated cross sections as a function of Q2 at fixed x=0.3, 0.4, 0.55 to
investigate the reaction mechanism towards 3D imaging studies

C Reliable pion form factor extractions up to the largest Q2 accessible until the EIC

- Combine two separately PAC-approved experiments to achieve
more physics output from the same beam time (88 days)

Motivation

C Pion structure is the clearest test case for studies of the transition from
the nonperturbative to perturbative region

C Need to validate the hard-exclusive reaction mechanism i key are precision
longitudinal-transverse (L/T) separated data over a range of Q? at fixed x/t

C L/T separated pion electroproduction is the clearest test case for studies of
the transition from the nonperturbative to perturbative region beyond DVCS

C Pion electroproduction could allow access to transversity and regular GPDs
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C Experimental validation of reaction mechanism is P T o L
essential for reliable interpretation of results from I
the JLab GPD program at 12 GeV for meson
electroproduction i If s;is confirmed to be large, it could allow for detailed

investigations of transversity GPDs. If, on the other hand, s is

measured to be large, this would allow for probing the usual GPDs .
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C Pion and kaon form factors are of special interest in hadron structure studies

U The pion is the lightest QCD quark system and also has a central role in our
understanding of the dynamic generation of mass

Clearest test case for studies of the transition
from non-perturbative to perturbative regions
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L/T Separation:Example

C G is isolated using the Rosenbluth separation c °
technique g ;
. g : : :
u Measure the cross section at two beam s 4l : 2 *
energies and fixed W, Q2, -t % ; s 50 21
i Simultaneous fit using the measured azimuthal o = {
angle (f-) allows for extracting L, T, LT, and TT 2
B G Q’ = 1.59 (GeV/c)
. ) P W =221 GeV
C Careful evaluation of the systematic Low t =0.139 GeV?
uncertainties is important due to the 1/ ®0 50 100 150 200 250 300 350
amplification in the (i, extraction 9 (deg)
i Spectrometer acceptance, kinematics,
and efficiencies Q Q9 (¢ U«
CQonwas o VO& Pgghli -—ggAldk
Magnetic spectrometers a must \
for such precision cross section s, will give s,

measurements
U This is only possible in Hall C at JLab

U SHMS was built to meet these exp. req.



Accessing piontstructureqthrough the:SullivancPrecess

(a) o
C The Sullivan process can provide reliable access to a m”"f
meson target as t becomes space-like if the pole associated bad
with the ground-state meson remains the dominant feature of p(k) € n(K)
the process and the structure of the related correlation (b) W
) 7} X

evolves slowly and smoothly with virtuality.
Es
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C Recent theoretical calculations found that for -t O 0 2, éll clkamgeés in
pion structure are modest so that a well-constrained experimental analysis should
be reliable The Sullivan processes can provide a valid pion targetfor-t O 02 6

[S-X. Qin, C. Chen, C. Mezrag and C. D. Roberts, Phys. Rev. C 97 (2018) 015203.]



Experimental\Validation {RPiondrorm: Bactor-example)

Experimental studies over the last decade have given more confidence in
the electroproduction method yielding the physical pion form factor

Q2=2.45 GeV?2, W=2.22 GeV

Experimental studies include:
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Using :armadel do:extract oF, from s, Jl-abdata

[Horn et al., PR®7, (2006) 192001]

C JLab 6 GeV F, experiments used the "= I
b ) : > i Q%=1.60 Q*=2.45
VGL/Regge model as it has provento givea |§ & - .o, *
reliable description of s, across a wide Q 7 "op | 21
kinematic domain 5
O 4+
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C Separated L/T cross sections will be L2 =0.513 0.491GeV’
published, so F, can be extracted using 2 )
other models as they become available, L, =1.7GeV

€.0. R.J Penyetal., arXiv:1811.09356 (2018)



PionLiTPublicationsc basedonttwocbiceV ipionxexperiments

~2000

2019

6 GeV Pion

C J.Volmer, et al., Phys. Rev. Lett. 86 (2001) 17131 305 citations ~—Perments:
1997 (phase 1)

U Precision F, results between Q2=0.60 and 1.60 GeV? 2003 (phase 2)

C T. Horn, D. Gaskell, G. Huber, et al., Phys. Rev. Lett. 97 (2006) 192001 7 236 citations
U Precision F, results at Q2=1.60 and 2.45 GeV?

C V. Tadevosyan, et al., Phys. Rev. C75 (2007) 05520517 200 citations

C G. Huber, T. Horn, D. Gaskell, et al., Phys. Rev. C78 (2008) 0452031 175 citations
U Archival paper of precision F, measurements at JLab 6 GeV

C H. P.Blok, T. Horn, G. Huber, et al., Phys. Rev. C78 (2008) 045202 1 101 citations

U Archival paper of precision LT separated pion cross sections at JLab 6
GeV

C T. Horn, D. Gaskell, G. Huber, et al., Phys. Rev. C78 (2008) 058201 i 62 citations

U  L/T cross sections and F,at Q?=2.15 GeV? ,exploratory at Q*~4.0 GeV?

C Plus several spin-off papers on, e.g. L/T separations in p- and w production, high-t,
transverse charge density (2012-present)



ExclusiverRiom Expeniments i HalleC1@:E2 GeV

C The pion experiments L/T separation
requirements greatly influenced design
specs of the new SHMS

U Small forward-angle capabilities
U Good angular reproducibilty

0 Missing mass resolution

C The pion experiment proponents built (and
are maintaining) key SHMS detectors for the
experiments

U Aerogel Cherenkov T funded by NSF MRI (CUA)
U Heavy gas Cherenkov i partially funded by NSERC (U Regina)
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Optimization of two experiments intooone program

C Combined the kinematics of E12-06-101 and E12-07-105 to get more physics
output from the same (approved) beam time:

U L/T separated cross sections at fixed x=0.3, 0.4, 0.55 up to Q%=8.5 GeV?
U Pion form factor at Q2 values up to 6 GeV?

U Combining kinematics enables (within approved PAC days) pion form factor extraction
at Q2 =8.5 GeV?, highest achievable at 12 GeV JLab

Consistent with PAC44 recommendation: firhe
PAC confirms the high-impact status of the
measurements of F. to Q?=6 GeV? and

encourages the Lab to schedule the E12-06-101
component of this proposal accordingly. We
recommend that the emphasis for the remaining
beam time approved for E12-06-101 and E12-
07-105 be further measurements of separated
pion cross sections over a range of Q%, xand, -t . ©

C Completed 3 PAC days out of 88 total in summer 2019 (at low energies)

with this combined kinematics runplan »



Low energyikinematicuunisummern2019

With combined and optimized run plan completed 2 L/T separations at low Q2 and took data
for the low epsilon points for two more settings, which also required these beam energies

Three SHMS angles Physics cross section

Twol/three beam energies
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