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1 Introduction
Robert Michaels

2011 has been a productive year in Hall A, with several erpenis running in the Spring, followed by a 6-month
shutdown during which we installed the g2p and GEp experimy@xpected to be the last Hall A experiments of the
6 GeV era. From this past year, 18 new publications relatedatb A experiments were authored by members of
the Hall A collaboration, a significant achievement and a sifithe vigor of our collaboration. It was also a year of
transition, as | became the acting Hall A leader on March ha# been a humbling challenge to fill the shoes of Kees
de Jager, striving to maintain his standards of excellemgehis acting position, | have benefited greatly from the
advice, patience, and support of the Hall A staff and the cgsmmunity, and | wish to thank you all.

The year began with a series of experiments that use theasthithll A equipment. The Exclusive Study of
Deuteron Electrodisintegration near Threshold, Expenini®8008 (B. Norum, W. Bertozzi, S. Gilad, K. Wang), was
completed on Feb 22, followed by the Measurement of the @albllQuadrupole Amplitude in the Delta Resonance
Region, Experiment E08010 (N. Sparveris, S. Gilad, D. Higtham, A. Sarty), which finished on March 9. In mid-
April we also completed the short run of the Experiment E@8@Study ofHe Nuclei Through Response Separations
at High Momentum Transfers (A. Saha, K. Aniol, F. Benmokh&rGilad, D. Higinbotham). All three experiments
were completed successfully. Right after EO8010 we stdttedirst part of E07006 (E. Piasetzky, S. Gilad, D.
Higinbotham, V. Sulkosky, J. Watson), a Study of the Shate Correlations in Nuclei via Triple Coincidence
(e,e’pN). On April 16, we switched to thex“> 2" Experiment E08014, a Study of Short-Range Correlations i
Inclusive Scattering (P. Solvignon-Slifer, J. Arringtd@h,Day, D. Higinbotham), and then on May 8 we switched back
to E07006 for the last five days of beam time. While this switghdack and forth was not optimally efficient, it was
done to reduce the risk to the beam time owing to the unusulgdiary process underway at the time.

On May 13, we began our 6 Month Shutdown, to complete sev@giades for the 12 GeV Project, while in
Hall A we installed the g2p and GEp experiments, E08027 ar@DBD respectively. The goals for the Accelerator
Division during this shutdown included civil constructionthe tunnel and beam switchyard, upgrades to the magnets
and associated hardware, new RF zones in the linacs, anastiadiation of two new C100 cryomodules. All this was
accomplished and the commissioning of the C100’s is prgsantlerway during beam study periods.

The upcoming experiments g2p (K. Slifer, A. Camsonne, Jd@nCD. Crabb) and GEp (R. Gilman, D. Higin-
botham, G. Ron, J. Arrington, A. Sarty, D. Day) share a comsetnp. The installation involved extensive modifi-
cation to the beamline in Hall A: new chicane magnets, théusepnagnets to reach lo®?, new low-current beam
monitors, a local beam dump, as well as the UVa/JLab Polhiiité3 target. A technical review was conducted by a
committee chaired by Nilanga Liyanage on May 6, 2011. Thereidentified several areas of concern which helped
guide the efforts. Unfortunately, in September, as therjzad target was being tested with it's superconducting-mag
net at full current, it developed shorts to ground which weoereparable. The solution, being implemented at the
present time, will be to use the magnet from the Hall B po&tiproton target. As | write this report, the target is ex-
pected to be ready by February 15, at which point we will sterttwo experiments. Meanwhile, the experiments have
had a successful 10-day commissioning period just beforsstatas, in which they commissioned several of the new
beamline elements, the septum, a new 3rd-arm detector foitonimg polarization, and the HRS detectors, in addition
to taking data to characterize the optics of the HRS+sepndragarasitic test of Cherenkov detector components for
future use. Many people have contributed to this effort,|@ume bring particular attention to the outstanding effort
of Jian-Ping Chen (Project Manager), Tim Michalski (LeadyiEeer for the beamline), Robin Wines (Lead Hall A
Engineer), Christopher Keith (Head of Target Group), and-Blis (Hall A Work Coordinator) and their respective
groups.

In October, the DOE conducted a review of the SuperBigbitec8pmeter (SBS) Program. The program consists
of a set of three projects that are centered around capis@gnt investments related to new experimental capabil-
ities. The review went very well on the scientific and techhimerits, but needed improvement on the management
aspects. The program management team, consisting of Jdkwskg Program Manager), the principal scientists of
the SBS and me, worked together with the Director’s Officartpriove the program management plan (PMP), and a
revised PMP was submitted to DOE on Dec 27. We are optimisisoxill be accepted.



In the summer, PAC38 considered new proposals and comple¢egrading of existing proposals. Hall A did
quite well; the PAC report is available on the User Liaisom&b page. In the Fall of 2011, the Hall A Coordinating
Committee appointed a special committee, chaired by Psofd2on Gilman, for recommending a schedule for the
commissioning and early running in the 12 GeV era. | greagfigraciate the hard work this committee put into
this report. At present, the schedule is being formulatedoimunction with Rolf Ent, Arne Freyberger, and JLab
management. It is clear that we have an exciting and vibraydips program ahead of us in Hall A, and | am excited
about the 12 GeV era.

Finally, on a sad note, we mourned the passing away of ourfdead and colleague Arun Saha on May 9 of this
year. He will be remembered for his gentle kindness and ®ntany contributions to the Hall A program.



2 General Hall Developments

2.1 The Compton Polarimeter Upgrade

Contributed by Sirish Nanda

2.1.1 Overview

The Hall A Compton Polarimeter provides electron beam jmdion measurements in a continuous and non-intrusive
manner using Compton scattering of polarized electroms fiolarized photons. A schematic layout of the Compton
polarimeter is shown in Fi@. The electron beam is transported through a vertical magcletane consisting of four
dipole magnets. A high-finesse Fabry-Perot (FP) cavitytextat the lower straight section of the chicane with the
cavity axis at an angle of 24 mr with respect to the electrcembeserves as the photon target. The electron beam
interacts with the photons trapped in the FP cavity at the @omInteraction Point (CIP) located at the center of
the cavity. The Compton back-scattered photons are detecten electromagnetic calorimeter. The recoil electrons,
dispersed from the primary beam by the third dipole of theaié are detected in a silicon micro-strip detector. The
electron beam polarization is deduced from the countingg@aymmetries of the detected particles. The electron and
the photon arms provide redundant measurement of the@helotram polarization.

In the recent years the Compton polarimeter has undergoragaa opgrade]] to green optics, in order to improve
polarimetry performance at lower energies to address tedsef demanding parity violating experiments such as
PReX[]. The main parameters of the green Compton upgrade are simovablel. The conceptual design of the
green upgrade utilizes much of the the existing infrastmecof the present Compton polarimeter. The FP cavity has
been upgraded to a high power 532 nm system replacing thmalri§aclay built 1064 nm cavity. In addition, the
electron detector, photon calorimeter, and data acquisiystem have been upgraded to achieve beam polarimetry
accuracy of 1% at 1 GeV beam energy. The new subsystems hewersalled and commissioned successfully
in Hall A beam line in 2010. Electron beam polarimetry wagiear out successfully during the PReX experiment
with the upgraded polarimeter. Preliminary results inticd.5% accuracy in the electron beam polarization has been
achieved.

Electron Beam Electron detector

A =532nm, k=3.3 eV

Figure 1:Schematic layout of the Hall A Compton polarimeter.

Additionally, as part of the 12 GeV upgrade CEBAF, the Halh@@xton polarimeter will be upgraded to accom-
modate 11 GeV beam envisioned for Hall A. At present, designthe 12GeV Upgrade of the Compton Polarimeter
are being finalized in preparation for construction to comogesoon.

2.1.2 Fabry-Perot Cavity

The heart of the upgrade plan is to replace the infraredycawih a high gain 532 nm green cavity capable of delivering
3 kW of intra-cavity power. Recent advances in the manufagjuof high reflectivity and low loss dielectric mirrors as



| Parameter | Previous| Upgrade|

Wavelength (nm) 1064 532
Cavity Power (W) 900 3000
FOM (0.A%) @.85Gev| 0.57 2.2
Energy Range (GeV) | 3-6 0.8-11

| 3P/P. @.85Gev | - | 1% \

Table 1: Main deign parameters of the green Compton polaeimgpgrade compared to the present infra-red system

well as availability of narrow line width green lasers féeites the feasibility of our challenging design goal. Higtin
cavities at 532 nm have been successfully constructed bp\thé\S[4] group with geometry and gain comparable to
our proposed design. A schematic layout of the optical situthe upgrade is shown in Fig.

Our solution for the green laser system begins with a nariesv@W fiber coupled Nd:YAG seed laser operating
at 1064 nm (Innolight Mephisto $]). The beam from the seed laser is then amplified by a Ytterhioped fiber
amplifier (IPG Photonics])) which can produce up to 10 W of CW beam while maintaining lthe-width and the
tunability of the seed laser. The amplified infrared bearhéntshaped with lenses, land L, to pump a Periodically
Poled Lithium Niobate (PPLN) crystal supplied by HC Photsni’/]. The PPLN crystal is placed in a temperature
controlled housing equipped with a thermo-electric heahjpuo maintain the temperature of the PPLN crystal at
about 60 with better than .05regulation. This temperature corresponds to the quasigohmatching condition for
the PPLN necessary to generate the second harmonic of the Ipeam at 532 nm. Typically about 2 W of 532 nm
beam is generated with about 5 W of 1064 nm pump beam.

M2 QM1
e N
=13
Mce Mcs
Ms
Mes —$

Mcl ==MN4

= 2
O\HBS== &
== \4 @ <§
La Lb DC1 PBS Eﬂ == f\\\,
) D Wollaston

{F==———<INIR dump

PPN |V 0

Yitterbium  532nm \\ —— H /Mrl
DC2

FiberAmplifier
FOI L1 A2

Figure 2: Optical setup of the green Compton polarimeter.

The green beam from the PPLN laser is then separated fromftedd pump with a pair of dichroic mirrors (DC1
and DC?2), and transported through polarization conditigraptics and mode-matching lenseg ¢LL3) to produce
circularly polarized light with the same Gaussian beam [graf the TEMo mode of the FP cavity. The beam is then
injected to the 850 mm long cavity using conventional beaaring optics to properly couple the beam to the cavity.
The cavity, constructed out of Invar, has dielectric misrorounted on adjustable gimbaled mounts with special ports
for the transport of the electron beam. The structure, heldtra-high vacuum, is part of the electron beam line in

10



Hall A.

Part of the laser beam reflected from the cavity is steeredpmjaizing beam splitter to a photo-diode receiver
PDR. The PDR signal is used to lock the cavity on resonancogtise well known Pound-Drever-Hall locking scheme.
The part of the laser beam transmitted through the cavitgriserted back to linearly polarized light and analyzed in
a Wollaston polarimeter. The intensities of the analyzetizbatal and vertical polarization components of the beam
are measured in integrating sphergsaBid $. In addition, a small part of the transmitted beam, sepdrafiéh a
holographic beam splitter, is used for beam monitoringimeents.

The green laser systems and FP cavity have been in developmtee Compton Lab for the past few years with
participation from many graduate students from collabogainstitutions. The development work was successful in
late 2009 with stable lock acquisition with dielectric noirs supplied by Advanced Thin Filmigd[(ATF) and home-
made locking electronics. The system was then installeccantmissioned in the Hall A beam line in early 2010 in
preparation for the PReX experiment. During the commissiprcalibration of the laser beam power and polarization
transfer functions were carried out in order to accuratefiednine the power and polarization of the light trapped
inside the cavity. Shown in Fig.is the newly installed cavity on the optics table in the Halbdam line. Thorough
calibration of the laser beam power and polarization tremnffnctions were carried out during the commissioning.
Using the established electronics and instrumentatiohenHall, cavity lock was acquired at 2 kW power in Hall
A. Shown in Fig.4 is the laser beam sport transmitted through the cavity baapam intense CW beam spot upon
successful lock acquisition.

Figure 3: The green Fabry-Perot cavity installed in Hall Angfxdon Polarimeter.

Following the successful running of the Compton polariméte the PReX and DVCS experiments in 2011, the
green cavity was dismantled in order to change the cavityonsito newer mirrors supplied by ATF with the goal of
doubling the power in the cavity to more than 5 kW. During tthisvn time, the PPLN setup was realigned to restore
its conversion efficiency. The power and polarization tfaninctions were measured again. With the entire system
retuned, lock was acquired in the cavity with new mirror at/® kfar exceeding our expectation. Shown in Fgre
strip-charts of various cavity parameters as a functionnoé tduring this lock acquisition. The magenta line shows
the power in the cavity whereas the red line shows the povilercted by the cavity, both making a sharp transitions
upon lock acquisition.
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First Lock of Green Cavity in Hall A

03/12/2010

Figure 4: First lock acquisition of the newly installed gndeabry-Perot cavity in Hall A seen as a steady CW laser
beam spot transmitted through the cavity.
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Figure 5: Lock acquisition with 9 kW intra-cavity power iretlyreen cavity. The The magenta line shows the power
in the cavity whereas the red line show the power reflectethé&gavity.
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Decay time of the cavity was measured by monitoring the pafi¢he beam transmitted from the cavity with a
fast photodiode after turning off the locking servo elenics. The transmitted power as a function of time as recorded
by a digital storage oscilloscope is shown in Fig. The measured decay time of 28.46 corresponds to a cavity
finesse of 26,825. We further measure a transmittance aaafa& and 14 ppm as opposed to our specification of
80 and 10 ppm, respectively.The specifications and the medgarameters for the ATF mirrors are summarized in
Table2. The power gain achieved in the cavity was about 10

] cavity-8.6kW-decay-ipg4dW-pdt-servo_off_6.isf |

N AL L L L L L LY OB LB BB

o
@
[

T = 28.46+ 0.03 (15) —

cavity

- Finesse = 2682% 31

Cavig Tran%nissioré (V)
o o ¢
B =)
I I

o

o

[N
I

-0.02—

0.t b b by b b b by 10
-0.1 -005 O 005 01 015 02 025 03 0.35
Time (ms)

Figure 6: Characteristic decay time of the cavity power raesgwith a photodiode monitoring the power transmitted
from the cavity. The measured decay time of 28i4@orresponds to a cavity finesse of 26,825.

] | Specification| Measured|

Diameter (mm) 7.75

Thickness (mm) 4

ROC (mm) 500

Coating HR@532 nm
Transmittance (ppm) 80 76
Loss (ppm) 10 14
Finesse 28560 26825

Table 2: Performance of the ATF low loss mirrors

Test setup in the Compton Lab are being established in avdertinue further development work on laser systems
and FP cavities. In particular, the optical setup in the Cmmab is being modified to handle both 1064 nm infrared
and 532 nm green beams with minimal setup changes. In theM2&eof CEBAF, the infrared system becomes
competitive with green since the cavity power in the infcai®always going to be significantly higher, although the
analyzing power is lower. The old Saclay cavity has been gehuhe Compton Lab to provide a platform cavity
development. The cavity ends have been modified with newominounts to accommodate the smaller ATF mirrors
while providing adjustment of their angular alignment. Miite new mechanism the mirrors can be manually aligned
with respect to the cavity axis prior to establishing vacuuarthe cavity. Preliminary results indicate the alignment
concept works well. However, vacuum load tests, lock adtipiis and stability tests with the new mechanics remains
to be done. A new fiber amplifier with a maximum power of 30 W antear PPLN setup have been brought into
successful operation at the Compton Lab to facilitate fathier studies in FP cavity development.
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2.1.3 Electron Detector

The electron detector upgrade is being carried out by Labioeade Physique Corpusculaire IN2P3/Universit Blaise
Pascal, Clermont-Ferrand. The new detector has 4 plane82osilicon micro-strip of 0.5 mm thickness with 240
umpitch. The expected resolution is about 10@ A high precision vertical motion of 120 mm for the detectash
been incorporated to the design so as to facilitate coveahiagecoil electrons corresponding to the Compton edge
over a broad range of energies. The electron detector alithgterassociated mechanical structures and electronics
were installed in Hall A in 2008. In subsequent commissigrtials, Compton scattering spectra were successfully
obtained with 3 GeV electron beam and the old 1064 nm FP cavitjear Compton edge was observed at micro-strip
number 14 corresponding to the expected position of the ftg@GeV electrons.

Figure 7: The silicon microstrip electron detector insile vacuum chamber along with the additional Chromax
beam viewer.

However, the detection efficiency of the micro-strips wasnid to be poor at about 10-20%. This is clearly
unacceptable for successful operation of the electrorctigteThe primary reason for the poor efficiency was traced
to poor signal-to-noise ratio encountered at the front-eledtronics installed in the Hall. Whether signal from the
micro-strips were inadequate or the noise in the electsanithe Hall A environment was excessive remained unclear.
The detector was removed from the beam-line and sent bacletm@nt-Ferrand in late 2010 to study the signal-to-
noise characteristics of the micro-strips with a cosmit $etup. A schematic layout of the test set up consisting of
two scintillation counters sandwiching the micro-stripslar test is shown in Fig. Only 32 micro-strips were used
for the tests.

Meanwhile, a 1 mm thick Si micro-strip detector was orderediCanberra systems to study its signal compared
to the 0.5 mm micro-strips in the Clermont-Ferrand setuper’deveral fabrication delays, this detector was deltvere
to Clermont-Ferrand in November, 2011 for tests. Shown ¢gn %are pulse height spectra obtained from the 0.5mm
(blue) and 1 mm (red) with cosmic rays. Both detector shovarcfeaks corresponding to energy deposited by
minimum ionizing particles, above the noise pedestal. Tirerl, as expected, shows about twice the signal compared
to the 0.5 mm micro-strips. In principle, either detectoowd perform with good efficiency, unless the electronic
noise or electron beam related noise in the Hall A enviroririgesignificantly worse than these bench test conditions.
In such a case, the 1 mm thick detector is likely to performhwigher efficiency and is more desirable as the final
design choice.
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Figure 8: Schematic layout of the cosmic test setup for thai&io-strip detectors at Clermont Ferrand University
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Figure 9: Pulse height spectra obtained from the 0.5 mm fflikle) and 1 mm thick (red)Si microstrip detectors

with cosmic rays

15



2.1.4 Photon Detector

The new photon detector, a Carnegie Mellon University (CMg$ponsibility, consists of a single GSO crystal fabri-
cated by Hitachi Chemicals Ltd, 60 mm in diameter and 150 miength. Following successful assembly and tests
at CMU, The GSO calorimeter was installed (Fig)) and commissioned in Hall A beam line and commissioned in
2009. Driven by the needs of the PReX experiment the photambime was redesigned by CMU. The beam pipe
was broadened to 1.5 inch from the existing 1 inch diametgrd@ase the acceptance for 1 GeV Compton scattering.
In addition, a new adjustable lead collimator was desigoedhe GSO calorimeter. With the new hardware changes,
satisfactory performance for the GSO calorimeter was nbthduring the running of the Compton polarimeter during
HAPPEX-IIl and PVDIS experiments during the latter part 602. Following the successful operation of the new
green FP cavity, the GSO calorimeter was further testeddoramodate the higher cavity power and scattered photon
energies. The FADC based integrating DAQ was fully operatidor the PReX experiment.

Figure 10: The GSO calorimeter installed in the Hall A ConmpRolarimeter

2.1.5 Recent Results

The Compton polarimeter was operated successfully duhiagecent PReX and DVCS experiments. Polarimetry
with 1 GeV electron beam at #0A was successfully carried out during the PReX experimdhisttated in Fig.11

is the polarization of the electron beam measured in the Gampolarimeter using the integrating GSO calorimeter.
Some loss in cavity power was noticed as the experiment essgd. Examination of the cavity mirrors following the

experiment suggest possible damage to the mirrors due &ssixe electron beam related background.

2.1.6 12 GeV Upgrade

As part of the CEBAF 12GeV Upgrade, the Hall A Compton Polatien will be upgraded to accommodate 11 GeV
beam. The present dipole magnets, the main transport eteroéthe electron beam line chicane, are configured
to produce a 300 mm vertical displacement at 1.5 T corredpgrtd 8 GeV beam transport. We plan to retain the
present magnets and simply elevate the lower section otilcarce to reduce the displacement to 218 mm. The scope
of the upgrade (WBS 1.4.1.5.2) consists of reconfiguratieneflectron beam chicane, changes to the optical setup,
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Figure 11: Electron beam polarization results from the PRgperiment obtained with the upgraded Compton po-
larimeter

electron and photon detectors to be compatible with 11 GeWigaration. Shown in Figl2 is a computer model of
the 12GeV beam line.

Basic design of the reconfiguration has been completed.idédion of components will start in early 2012 with

installation in the Hall scheduled to begin in summer 201he Tipgrade project is expected to be completed by
October 2013.

2.1.7 Conclusion

The green laser upgrades of the Compton polarimeter for 6 Gmvations have been successfully completed. The
upgraded polarimeter was put into operation successfoilyhie recent PReX and DVCS experiments. The green FP
cavity far exceeds design goal by achieving upwards of 9 kiVdioavity power. The green cavity along with the GSO
photon calorimeter with integrating data acquisition egsthas provided the first set of high precision polarimetry
results. Poor detection efficiencies in the silicon midripselectron detector are being investigated with benstste
with cosmic rays. Beam tests are scheduled during the umgpg®p experiment to evaluate the performance of
thicker micro-strip detector that shows promising resinthe bench tests.
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Figure 12: Model of the 12 GeV Compton polarimeter in Hall Aaeline. Shown in blue are the dipole magnets of
the chicane, where the two middle dipoles are being rais&&Rlym for the 12GeV Upgrade
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2.2 Super Bigbite Developments

Contributed by John J. LeRose

The Super BigBite Spectrometer (SBS) concept is alive arld lmgreparation for the October 13-14 DOE review
the program was divided into three projects, each costsgtlean $2M. The three projects are:

e The first ProjectSBS Basiginvolves the acquisition of an existing magnet and the@ased work of preparing
it for use during the SBS research program. The effort iretutiodifications to the magnet, including machin-
ing a slot in the yoke for beam passage, field clamps, and addléo reduce the transverse magnetic field on
the beam line, the design and development of the infrastreicteeded to run the magnet, and the construction
of the platform on which it will stand.

e The second ProjecNeutron Form Factor, involves the construction of twenty-nine GEM detector mled
with associated front-end and DAQ modules to meet the rements of the approved neutron form factor
measurements (E12-09-016 and E12-07-109).

e The third and final ProjecBroton Form Factor, involves the construction of thirty-five GEM detector mbahu
with associated front-end and DAQ modules and the additigole shims for increased magnetic field integral
to meet the requirements of the approved proton form faceasurements (E12-07-109).

The reviewers were extremely positive regarding the Plysatential of the proposed program, but wanted to see
the management plan revised and improved. Subsequerlprdgram Management Plan (PMP), which is actually
three project management plans rolled into one, was thaitgugworked and a formal document was submitted to
DOE just before the New Year.

Independent of the DOE review process, pre-R&D work is ongeit JLab and the University of Virginia, using
Hall A funds, and in Rome using INFN funding. The bulk of the{&D work centers around the development of
the GEM detectors needed for the successful execution qirthosed experiments.

Interested parties are invited to visit the SBS webpéagéf more information.
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2.3 Improving HRS DAQ Deadtime

Contributed by Ryan Zielinski and Vincent Sulkosky

2.3.1 Deadtime Overview

In a simple 1-trigger, non-prescaled system the DAQ deadisnapproximately

DT%Dr‘i’Dc, (1)

whereD; is the readout deadtime, aby is the conversion (frontend) deadtimg.[Using Poisson probability theory,
the two deadtime components can be broken down into two tefsims:

e

D=3 o @
Y ullg)+ne7p{

D=y K& € 3

' n; (b+n)! )

wherep; = Rte, ik = R(Ty — T¢), R is the ratef. is the conversion timet; is the readout time anl is the buffer
factor [1]. The conversion time is fixed and module dependent. Theotddine depends on the number of modules
being read out and whether the readout is done via block @eglagle module reads. When running the DAQ at low
to moderate rate in buffered mode, b = 8, the buffer factouced the the readout contribution to the overall deadtime.
The deadtime is then dominated by the conversion time. Asdteeincreases the probability of a full buffer also
increases and the readout time begins to dominate the deadti

2.3.2 Improving Deadtime

Experiments typically aim for a maximum of 20% dead time.ha past, this translated into a maximum non-prescaled
acceptable DAQ rate of 4 kHz. To increase the rate, a third Fastbus crate was added teft HRS. By distributing

the module population throughout the three crates, theorgaiine of each was decreased, resulting in an improvement
in the rate from 4 kHz to 6 kHz while maintaining comparabladténe.

2.3.3 Deadtime Testing

The updated DAQ system was tested during commissioningxfeeranent E08-027. During the test the DAQ con-

sisted of a Happex crate, three Fastbus crates and a Triggensor crate for scalers. The results in Tebieghlight

the 6 kHz improvement. Also using Egand Eq.3, we were able to model the deadtime. The model, plotted in Fig
ure 13, compares favorably with the experimental data. As a coispaythe performance of two Fastbus crates is
also presented for the Right HRS; the results are shown ilefab
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Table 3: LHRS Deadtime. Included are the conversion andogadnes used in the model in Figui8. Note: The
Happex and TS Scaler crates cannot be buffered; they opmrdkbeir own branch of the TS. The busy time listed for
these components is the total busy time, and we have laliedsedhie “readout” time.

Trigger Rate (kHz)| Deadtime (%) Crate Tc (US) | Tr(us)
14.2 49 TS/Happex 36
7.3 29 Fastbus 12 90
6.5 24
5.3 20
4.2 15
3.2 12

Table 4: RHRS Deadtime with two Fastbus crates, Happex aratel'S scaler crate.

Trigger Rate (kHz)| Deadtime (%) Crate Tc (US) | Tr(us)
195 60 TS/Happex 44
7.4 31 Fastbus 12 100
5.7 25
4.4 20
0.5m
0.4

S|
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Figure 13: LHRS Deadtime with model prediction. The totahdtéme is then a sum of the TS/Happex crate and
slowest Fastbus crate.
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3 Summaries of Experimental Activities

3.1 E97-110- GDH

Progress report on E97-110: The GDH Sum Rule, the Spin Steicf3He and the Neutron using Nearly Real
Photons

J.-P. Chen, A. Deur, F. Garibaldi spokespersons
and
the E97-110 Collaboration.

contributed by V. Sulkosky

3.1.1 The experiment

Experiment E97-110 was performed to provide a precise meamnt of the?He spin structure functions at low
Q? from 0.02 to 0.24 [GeYc]?. A longitudinally-polarized electron beam was scatteneuif a longitudinally or
transversely (in-plane) polarizetHe target. From these data, we have extracted the gener&igeasimov-Drell-
Hearn integral (GDH) and other moments of the neutron3espin structure functions at lo@?. These data allow
us to make a benchmark check of Chiral Perturbation Thedoyledions in a region, where they are expected to be
valid.

The experiment ran in two periods: April-May and July-AugR603. The first part of the experiment (Ia@7,
April-May 2003) acquired data with a mis-wired septum magi@e septum was repaired in June and the experiment
was completed in July-August.

3.1.2 Analysis Progress

Work has concentrated on understanding the spectrometeptance for a beam energy of 3.775 GeV and spectrom-
eter scattering angle of’9 When the 9 data were first taken at this energy, we realized that theuseptagnet
indicated a saturation effect, i.e., the magnetic field isomger linear with the septum current. The saturation curve
was empirically determined using carbon foil data. The tapgb of Fig.14 shows the unpolarizetHe cross section

for this energy versus the invariant mads, For the 2.884 Ge\¢momentum setting centered at 1500 MeW\i the
cross section is about 15% higher than the surrounding mmesettings. This is expected to be caused by having
a mismatch between the septum field and the field settinghémstandard HRS magnets.

A detailed cut study was performed using the Single Arm Mabdelo (SAMC) of A. Deur modified to include

the septum magnef @ransport functions and associated apertures. Howevaptimal geometrical cuts were found

to minimize the systematic shift for the 2.884 GeWiomentum setting. For each of the momentum settings, the
single carbon foil data were analyzed to extract the unfradrcarbon cross section and compared against an empir-
ical model P] weighted by the spectrometer acceptance. The elastiatiegliail was subtracted with the use of the
program ROSETAIL.F ], which was averaged over the solid angle acceptance.lbighows the measured experi-
mental cross section (top-left panel). The bottom-leftgp@hows the comparison between the data and the simulated
cross section, and their ratio is shown in the bottom-rigimte.

Overall there is about a 5-6% difference between the dataamdation for all settings with an additional 6%
difference for the 2.884 Ge¥momentum setting. However for the problematic momentutinggtthe experimental
carbon cross section does not show any discontinuitiekeuttie®He data. This indicates that the jump in the cross
section is primarily caused by the extended target accegtaro test this hypothesis, a tight cut was placeggmat
+ 4 mm, and the discontinuity in tiie cross section vanished. This analysis has shown prohasthie acceptance
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for the 3He data can be corrected as shown in the bottom panel oflBigf the 3He normalized yield versus the
energy transfer. We hope to finalize this analysis withinrtéxet couple of weeks.

Vivien Laine has completed the elastic asymmetry and cresisos analysis for the 2.134 GeV, @ata and has
achieved good agreement with the expected values. He witirage his analysis for the other elastic settings for both
6° and 9 data sets.

Tim Holmstrom has completed work on smoothing the polar@eds-section differences for each of the incident
beam energies. This is required prior to performing raggatdrrections so that statistical fluctuations are not soée
when the cross sections are unfolded.

Hai-jiang Lu, who is conducting the first period analysis (iMay 2003), was at JLab this past summer working
on the spectrometer acceptance via the elastic carbonsgossn data.

3.1.3 Remaining tasks.

Remaining tasks for the first paper are:

Finalize the acceptance correction (V. Sulkosky)

Complete the radiative corrections (T. Holmstrom and Vk8sky)

Complete the polarimetry analysis (J. Singh. This task &lgeompleted)

Verify the polarimetry analysis and radiation lengths bylgming the asymmetries and cross sections for the
elastic kinematics (V. Laine).

3.1.4 Outlook.

Our goal is to publish the first paper in the first half of 20I&luding only the data from the second period. This
paper will concentrate on the generalized GDH sum and thaaretirst moments. A draft of this paper has been
internally circulated among the spokespersons. Work fossguent papers includes the completion of the first period
analysis, extraction of the higher moments for the neutrahleoth first and higher moments fie.
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3.2 EO00-110, EO07-007, E08-025 - DVCS

Contributed by E. Fuchey and J. Roche.

E00-11Q0 Deeply Virtual Compton Scattering At 6 GeV. SpokespersdasBertin, C. Hyde, R. Ransome and F.
Sabate.

E07-007 Complete Separation of Deeply Virtual Photon aficElectroproduction Observables of Unpolarized Pro-
tons. Spokespersons: C. Hyde, C.Mdz-Camacho, A. Camsonne, J. Roche.

E08-025 Measurement of the Deeply Virtual Compton Scattering ssection off the neutron. Spokespersons: C.
Hyde, M. Mazouz, A. Camsonne.

The Hall A DVCS program provides data relevant to tBeD structure of the nucleon’program at JLab by
measuring precise absolute cross-sections in the Deepdtxeldomain. A short update is given on the analysis of
phase two of the program which ran during the Fall of 2010. [Blsésection describes the latest publication from
experiment EO0-110 (phase one of the program) about deeplyaMpion production.

3.2.1 Update on the analysis of experiments EQ7-007 (Hydreg) and E08-025 (Deuterium)

Deeply Virtual Compton Scattering off the nuclegyiN — yN) is the simplest process which is sensitive to the
Generalized Parton Distributions (GPDs). In the Bjorkenitli similar to DIS, the factorization theorem separates
the reaction amplitude into the convolution of a known pdyative (*q — yq) kernel with unknown soft matrix
elements describing the nucleon structure (the GPDs). ritwpatally, the DVCS process is measured coherently
with the Bethe-Heitler process (BH), where the real phosoeniitted by either the incoming or scattered electron. An
important result of the previous generation of DVCS experita in Hall A, was to show that the contribution from the
calculable BH process accounts for only 50% of the totals:sesction in certain kinematics. The goal of experiments
E07-007 and E08-025 is to provide a complete separationeoflo components to the unpolarized cross section:
the pure DVCS contribution and the real part of the interfeeebetween the BH and the DVCS amplitudes. This is
achieved using a Rosenbluth-like separation: crossesecét a givei)?, X andt are measured at two different beam
energies. Experiment EQ7-007 off the hydrogen target will/jole this separation at three different value€éf(1.5,
1.75 and 2.0 Ge¥), while E08-025 will provide the separation at 0@ (1.75 Ge\A).

Both experiments took data in the Fall of 2010. After a lonipamn expected commissioning period and issues
with the trigger, the DVCS setup was used as originally psaploand over 80% of the proposed data were collected.
The proposals assumed a 6 GeV beam while the maximum that beutlielivered to accommodate the low energy
requirement of the QWeak experiment in Hall C was only 5.5 Gé¥s resulted in a reduced lever armQA (1.5-2.0
Ge\? instead of 1.5-2.3), data being taken closer to the nuclesorrance region for the lowedt setting (W2 = 3.55
instead of 3.78 Ge¥) and overall larger background noise. The online analyisisved that the data quality are
good. The scattered electron is detected in the left HRSewheé radiated real photon is detected in the dedicated
DVCS PbF, calorimeter. The recoil proton is identified by missing mablse DVCS calorimeter was calibratgd
elastice pscattering three times during the data taking, and the aisady these data reproduced the expected energy
resolution for the calorimetec(E 3.5% at E=3.05 GeV). During the DVCS data taking, the calibraionstants
of each PbE block is tracked using two-photon events in the calorimdterthese events the invariant mass of the
0 is reconstructed, the online analysis showed that the nfabe a® was correctly reconstructed. Finally, online
data showed that the invariant mass squared reconstruciadeizents of typep — eyX peaks at the nucleon mass
squared.

The offline analysis of the data so far has been focused ondhm instrumentation data and on the LHRS.
The polarimetry data have been analyzed and the BCM cabibsatvere performed (taking into account an initial
period during which the BCM were not thermally regulated &amd sudden jumps in the gains of the downstream
BCM). An extensive effort went into the analysis of the seagkrm HRS data taken in parallel to the DVCS data,
these allow to cross-check our understanding of the speeter acceptance and the luminosity of the experiment.
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Preliminary results show that the DIS absolute cross-@edsi reproduced at better than 3% in most kinematics, with
only one kinematic being problematic with experimentalssrsections being measured at 10% above the expected
ones. Other preliminary analysis focused on the fine tuninigeocalorimeter calibration constants, of the coincigenc
time between the LHRS and the calorimeter, of the parametehe calorimeter wave form analysis.

3.2.2 Latest physics result from experiment E00-110

This section reports on the latest publicatiéhffom the phase one of the DVCS program in Hall A (data taken in
the Fall of 2004 during experiment E00-110). This publ@atpresents the analysis of the triple coincidence events
H(e €yy)X in order to extract the cross section of exclusive neutrah mlectro-production in the Deep Inelastic
Scattering regime@ > 1Ge\?, W > 2GeV). These results were accepted for publication by Ray&eview C in
February of 2011. They constitute the first set of exclusi¥electro-production cross sections in the deep inelastic
scattering regime. Previously, only exclusive chargea giectro-production production were available from Hall C
[6], and neutral beam spin asymmetry was available from Halil]B ExclusiveT® electroproduction cross sections
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Figure 16: Left: Total® cross sectiondr + g 0y) differential int as a function oftmin —t at Q% = 1.9Ge\?
(black hollow circles) and)? = 2.3Ge\? (red solid circles). Right: Harmonic components of tifecross sec-
tion (o7, O7T, OTL/, tOP tO bottom) differential i as a function ofy,, —t at Q?=19GeV (black hollow circles)
andQ? = 2.3Ge\? (red solid circles). The bands are results from the fits oséhcomponents with their leading
order in6°M, the angle of the pion w.r.t the virtual photon. The curvesesent the model from J.-M. Lageéi][ for
Q? = 1.9Ge\? (dashed black curve) and fQ? = 2.3Ge\? (red solid curve).

have been extracted at two different valuesQ3f(1.9 and 2.3 Ge¥) at fixedxg j = 0.36, and at two different val-
ues ofW (2.0 and 2.3 GeV) at fixe@? = 2.1 Ge\”. Moreover, harmonic decompositions of the cross sectiore we
performed. Figuréd 6 shows the resulting total cross section (left panel) andtmeponents of the harmonic decom-
position of the cross section (right panel), as functiont,@f—t, for xgj = 0.36. In the paper, the total cross section
and itsQ?-dependence have been compared to several models avéilatie description of® electro-production.
Those models include a Regge-inspired model from J.-M. LBethe GPD formalism applied to pseudo-scalar
meson electro-productiord,[3], and the model of Kaskulov, Gallmeister and Mosel, whicesuguark fragmentation
functions for a successful description of the exclusivergbd pion electro-production transverse cross sectifin |
The model from J.-M. Laget is plotted along our data on figlée It successfully describes the total cross section
and the helicity-dependent component of the cross sedtomever, it fails to describe the other components of the
harmonic decomposition of the cross section. The mainteéthe paper is that th@?-dependence of the total cross
section is roughly in 1Q°. On the one hand, such@?-dependence clearly disagrees with the predictions fran th
GPD model. On the other hand, it is consistent with@fedependence of the transvense cross section extracted
by Hall C. This suggests dominance of the transverse crat@sever the longitudinal cross section in these kine-
matics. Since the publication of these results, a new paiiitic of M. Kaskulov p] presents a model of neutral pion
production from the real photon point to the DIS regime. Thizdel is in good agreement with our data, including
the separated cross sections.
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3.3 E04-007 4°

Precision Measurements of Electroproduction of® near Threshold: A Test of Chiral QCD Dynamics

contributed by Richard Lindgren and Cole Smith
for
J.R.M. Annand, D.W. Higinbotham, R. Lindgren, B. Moffit, Bohum, V. Nelyubin, spokespersons,
M. Shabestari and K. Chirapatimol, students
and
The Hall-A Collaboration

3.3.1 Introduction

The experiment is designed to measure the electroproducarctionp(e, € p)m of neutral pions off the proton at
the lowest possible invariant mass W. Results from previaastroproduction measurements at Mainz with four-
momentum transfers @? = 0.10 GeV/€ [1] andQ? = 0.05 GeV/é [2] were in disagreement with tf@? dependence
predicted by Heavy Baryon Chiral perturbation theory (HBCh and also inconsistent with the predictions of the
MAID model [3]. If the Mainz discrepancies remain unresolved, they wilhstitute a serious threat to the viability
of Chiral Dynamics as a useful theory of low energy pion piigiun. Our experiment has measured absolute cross
sections as precisely as possible from threshol@Wwb= 30 MeV above threshold at four-momentum transfers in
the range fromQ? = 0.050 GeV/é to Q? = 0.150 GeV/é in small steps oAQ? = 0.01 GeV/é. This will cover
and extend the Mainz kinematic range allowing a more se&pdigist of chiral corrections to Low Energy Theorems
for the S and P wave pion multipoles. In addition, the beammasgtry will be measured, which can be used to
test predictions for the imaginary components of the of Sedgy. andLy. pion multipoles, which are sensitive to
unitary corrections above that" threshold. Mainz recently repeated the electroproduatieasurements and now
report (/] that the new results are more consistent with HBChPT ptiedis, but are in disagreement with their own
previous measurementg]] In view of the importance of knowing whether or not HBChRvalid in this domain, it

is imperative that an independent set of measurements beedp

3.3.2 Experimental Results

The experiment was performed using the Hall A left High ReSoh Spectrometer (LHRS) to detect the electron
and the large acceptance BigBite spectrometer instrumavita MWDC followed byE — AE scintillation paddles to
detect and identify the proton. The structure functions-€ oy, o7, andort were extracted using the measurgd
dependence of the cross section. Figure 1 shows our cugsuits forQ?=0.105 Ge\¥ andAW = 8.5 MeV, which
already extends the kinematic range previously explordiargshold electroproduction. Figure 2 shows our resutts fo
the beam asymmet#, ., which is proportional to the sig" dependence of the beam helicity weighted cross section.

We have made a number of improvements in our simulation oBilg8ite spectrometer including a radiated
physics event generator using the Dubna-Mainz-Taipei (P§hamical modelf, 6] to improve simulation of energy
loss and straggling, and including a more realistic magriitid map for the dipole magnet calculated by V. Nelyubin
to study fringe field effects. We have developed empiricatexiions to improve the missing mass resolution and
compensate for energy loss and low momentum transverssifacaf protons. Also we have studied the detection
efficiency for low-momentum protons and developed procesidor recovering protons which fall below tiAd=
counter hardware thresholds. We are investigating impneves in the LHRS simulation to better understand our
W resolution at threshold and the effects of target straggéind bin migration due to resolution smearing. We are
also working to improve the VDC calibration and energy losgections in LHRS to achieve the best performance at
threshold.
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3.4 EO05-009 - HAPPEX-III
The HAPPEX Collaboration

Contributed by Robert Michaels

HAPPEX-III ran in the Fall of 2009. It is the third in the sesief Hall A experiments to measure the strangeness
content of the protonl]. The data have been analyzed, presented at conferenaks, jplmysics letter is on the
archive P]. The experiment measures the parity violating asymmetsjastic scattering from a protépy = (Or —
0.)/(or+0L) at an beam energ, = 3.48 GeV and four-momentum transfer squa@t= 0.624 Ge\f. The
measured asymmetry wégy = —23.80+ 0.78(stal £+ 0.36(sysh ppm and was consistent with the Standard Model
prediction and with zero contribution of strange quark$hmélectromagnetic structure of the proton.

Measurements of the contribution of strange quarks to enckructure provide a unique window on the quark-
antiquark sea and make an important impact on our undeistad the low-energy QCD structure of nucleons.
Parity violating electron scattering is a practical methiodneasure the strange vector matrix elemefisi] 5].
Purely electromagnetic scattering at a given kinematiosneaasure only two linear combinations of the Sachs form

factors:

2 1 1

Gty = éGE,M - §GE,M - gGEM 4)
2 1 1
GEy = éGCE',M - §GE,M - gGEM %)

WhereGEM is the electriqE) or magnetigM) form factor for quark flavorf in the proton. Here it is assumed that
the quark flavorsl, d, ands contribute. Charge symmetry between propoeind neutrom is also assumed, so that for
the quark form factors

Gh=Gli; Gi=Gp: G,=G; (6)

where now the subscripgsandn are for proton and neutron.

Additional information is needed to determine whether arthere is a contribution from the strangeness form
factor.ng.,M. This is provided by parity violation in the scattering frggmotons, measuring a new pair of linear
combinations

5 1 2.
GE,pM == (43SII’129\N> GléM +

<—i+;sinzew) x |G+ G| )

whereZ stands for th&® boson of the neutral weak interaction. Thus by measuringetheutral weak form factors,
in conjunction with the electromagnetic form factors, we able to extract the strange quark contribution.

For more details about the HAPPEX-III results and their iicgdions, the reader is referred to the archive papler [
At the present time, there are no new proposals at JLab toureagangeness using parity violation. As summarized
in the recently published chapter on strangeness in the D0afiear Highlights bookd] the strangeness contributions
are consistent with zero, i.e. small compared to the elswgmetic form factors, as well as consistent with modern
QCD-based calculations. It might be impossible to pushetleaperiments to a higher accuracy, owing to other limits
on the precision such as radiative corrections and charmengyry violation.
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3.5 EO05-015 A in *He(e,e’)
Measurement of the Target Single-Spin Asymmetry in Quéastie >He' (e, &)

T. Averett, J.-P. Chen and X. Jiang (spokespersons)
and the Hall A Collaboration.

contributed by Y.-W. Zhang

Experiment overview

In the past years, the structure of nucleons and nuclei waest by measuring form factors using the Born
approximation, which assumes one photon exchange, wittiglaybhoton exchange neglected. As new high precision
data becomes available, the contribution of two-photorharge can no longer be ignored, as demonstrated by the
proton electric form factor datd [ 2, 3].

JLab experiment E05-015 measured the target single-spinrastry, A, for the neutron using the inclusive quasi-
elastic®He' (e, €) reaction with a vertically polarizedHe target. In the one-photon exchange approximatignisA
expected to be zero due to time-reversal invariance inielssattering. In recent calculationsy # expected to be
non-zero from the interference between the one-photonaggghamplitude and the imaginary part of the two-photon
exchange amplitude!]. A precise measurement ofyAvill provide a new experimental constraint on GPD model
input [5].

This experiment ran from April 24 to May 12 in 2009. Data weodected in three different kinematic regions,
listed in the following table:

Eo(GeV) | E'(GeV)| Bspec(Deg)| Q7 (GeV) | |a] (GeV)| 84 (Deg)
125 [ 122 17 0.13 0.359 71
243 | 2.18 17 0.46 0.681 62
361 | 3.09 17 0.98 0.988 54

Table 5: Ay experiment (E05-015) kinematic settings.

Data analysis

In this experiment, the Hall A left and right HRS’s were boted to collect the data. All the important scalers
were sent to both arms for a cross-check, which means thertsvarcopies of each scaler. Left HRS and right HRS
were synchronized so that they have the same run time forgradhiction run pair. Then, in principle, the reading of
scalers from the left-arm should be as same as that fromghearm.

After the optics calibration (by Ge Jin) and detector calilim, the raw experimental data were processed with
standard Hall A analysis software and saved as root filesh Baent is reconstructed, and the scalers are decoded for
later analysis.

It was easy to identify good electrons using gas Cerenkowteos and lead-glass calorimeters, since the pion
background is very low in this quasi-elastic scatteringegikpent. However, we need to ensure the scalers do not
cause a large false asymmetry. For this purpose, we chebkathtgated scalers from both LHRS and RHRS. Any
data with scaler asymmetries between the left-arm and-sght>10~* were discarded.

The experiment used the standard Hall-A polariZlé target with a vertical holding field. To extract the target
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polarization, several measurements have been conductalilboate different target system components, including
EPR, NMR and density measurements.

Preliminary results

The polarization in the target pumping chamber during thEeerent is shown in the Fig.9.

Target Polarization During E05-015

Target Polarization (%)

idlan oo lls
300 350
Time (Hours)

Figure 19:3He target performance during thg Axperiment
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The preliminary target single-spin asymmetry8t= 0.98 Ge\# is shown in Fig20. As mentioned in the previous
section, the scattered electrons were detected on both sfdbe beam line, so the target single-spin asymmetries
calculated from left-arm data and right-arm data shouldehayposite signs, due to the fact that corresponding to a
given target spin direction, sayr $ointing up, scattering to the beam left sidé x é7) -Sr > 0, on the other hand,
scattering to the beam right sid@x €) - Sr < 0.
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Figure 20: The preliminarjHe target single-spin asymmetry from left-arm data(tog)ad right-arm data (bottom
plot) at @= 0.98 Ge\£. The solid lines indicate a constant fit to the target sirsgigr asymmetry for each run.
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Remaining tasks

Estimation of systematic uncertainties for left-arm dat®a = 0.98 GeV is ongoing, but is expected to be
completed soon. After this, we will apply the same analysiedure to the right-arm data and to the other kinematic
settingsQ? = 0.46 GeV¥ andQ? = 0.13 Ge\?. We expect to release the final results and submit for puibicavithin
6 months.
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3.6 E05-102 Ay, A, in 3He(e,e'd)

We have completed the optics calibration of the BigBite sjo@ceter, which was used to detect hadrons in the E05-
102 experiment. We have adopted a matrix formalism apprbaskd on the singular value decomposition (SVD)
technique that allowed for a precise and reliable calibratif the spectrometer (see Fitll). For 055 GeV/c protons,

we have established the vertex resolution &cin, angular resolutions of 7mrad and 16 mrad (in-plane ama®
plane, respectively), and a relative momentum resolutfdnG?o.

In order to obtain the optics matrix applicable to all typésarticles, energy losses for particle transport through
the target enclosure and materials within the BigBite spentter were studied carefully. The energy losses were
estimated by the Bethe-Bloch formula, but since the losse wignificant, the formula had to be integrated over the
complete particle track for each particle type and eaclalmtomentum. The two largest contributions to the total
momentum loss come from the target cell walls and from thénaide BigBite. The resulting corrections that were
taken into account are shown in F (top-left).
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Understanding the energy losses also enabled us to contp&et&DC calibration of the BigBite scintillation de-
tectors (E and dE). The readout (deposited energy in terntseoADC channels) from these detectors was already
properly gain matched and corrected for any offsets. Howewvprecise knowledge of the energy losses in the scin-
tillators and surrounding materials was required for aligotalibration in terms of the deposited energy (in units of
MeV). See Fig22 (Bottom).

The TDC calibration of the scintillation detectors was giesformed. Offsets between the time information from
the left and right PMTs were corrected for each scintillato@r. In addition, an energy scale for the TDC threshold,
which sets the limits for particle detection, was determdi(tbe threshold is set in terms of millivolts in the discrmi
nator modules).
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Figure 22: [Top-Left] Momentum losses of protons and dearisrinside the target and the total momentum losses
up to the MWDCs. [Top-Right] Quality of reconstructed momentfor elastic protons and deuterons. If energy
losses are not taken into account, two peaks are visiblégicand right histograms summed to the full curve). With
proper inclusion of energy losses both peaks merge intoleftdnistogram), resulting in better momentum resolution.
[Bottom] Energy losses in the E-plane as a function of prticomentum foPHe data. The deuterons can be clearly
distinguished from the protons. The measurements agréewtielthe expectation (dot-dashed line).

A detailed analysis of BigBite scalers was also performed, some problems in our scaler readout have been dis-
covered. There are two scalers banliisi t e andevhbbi t e. The first one is written into the data stream as a special
event (type 140). The second one is recorded for each acceptat. When results from both types of scalers were
compared, we realized that both are missing some informafibebbi t e scaler bank does not contain information
about TDC hits for some of the scintillation bars. On the othend, theevbbi t e bank is missing one of the gated
scalers with information on trigger rates for one combiratf beam-target spin states. Fortunately both banks are

missing different parts of information. This way all infoatipn has been restored by combining information from
both banks.

In addition to the calibration of the BigBite spectrometie calibration of the beam-charge monitors (BCM) was
performed. Using dedicated data sets, calibration cotsstard offsets were determined that are required to tramsfor
the raw BCM readout to the collected physical charge (in @mis).

The main physics goal of the experiment E05-102 is to meakwuble spin asymmetries in the quasi—ela@ﬁe(é, €p)
and3He (& €d) processes as a function of momentum of the undetected|partinissing momentum). Now that the

calibration of BigBite has been completed, we have extrhitte asymmetries for the proton channel. The preliminary
results are shown in Fi@.3.
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Figure 23: Double spin asymmetries in the quasi-elé'ﬁie(é,e/p) process for two different target settings. In the
longitudinal configuration the target spin was orientechimdirection of the beam. In the transverse configuration the
target spin was pointing to the left of the beam directione aiymmetries were measured at two different momentum
transfers: [LeftjQ? = 0.35GeV?/c?, [Right] Q% = 0.25Ge\?/c?.
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3.7 E06-002 - PREX
The PREX Collaboration

The Lead Radius Experiment (PREX) ran in the Spring of 201@& first results were reported at the Spring 2011 APS
meeting and, as this report is being written, a physicsriétten the verge of being submitted for publication. Many
details of the experiment were described in the 2010 Hall Aual Report. A follow-up measurement, PREX-II, was
proposed and accepted by PAC38 [A new proposal ort®Ca is being developed for PAC39.

The experiment measures the parity violating asymmetryastie scatteringhpy = (0r — 01)/(0r+ 0L) from
the 2°%Pb nucleus. This asymmetry is sensitive to the neutron saRlilbecause the weak charge of the neutron is
much larger than that of the proto#][ In PWIA, the relationship between the asymmetry and thernadorm factor
is given by equationq)

GrQ? , Fn(Q%)
Apy = 1—4sirf By —

' a2 Fo(@)
whereGk is the Fermi constanty = %7 is the fine structure constar@y is the Weinberg angle, arféh(Q?) and
Fo(Q?) are the neutron and proton form factor of the nucleus. Cobldistortions are the largest correction and have
been calculated by Horowitz].

8)

The size of a heavy nucleus, or equivalently, the centrasitienf nuclear mattepo, is a fundamental property
central to nuclear physics. Important applications inetud) Neutron-rich matter in Astrophysics; 2) Understagdin
nuclear structure; 3) Structure of neutron rich radio&cheams; 4) Atomic parity-non-conservation (PNC) experi-
ments.

In our forthcoming publication, we report a parity-violagiasymmetryApy = 0.656+ 0.060 (staf +-0.013(sysb
ppm. This corresponds to a difference between the radieafiéutron and proton distributioRs — Rp = 0.33f8jg fm.
This provides the first electroweak observation of the rmeuskin which is expected in a heavy, neutron-rich nucleus.
The result is displayed in Figui24, in which models predicting the point-neutron radius ilfage the correlation of
Apy andR; [4]. For each model, the calculation is performed using thérnawand proton weak charggs = 0.9878
andgp = —0.0721 and using the modeled neutron density but the expetaemarge density. The importance of
Coulomb distortions is emphasized by indicating resulbsnfiplane-wave calculations, which are not all contained
within the vertical axis range of the figure.

Clearly, a higher statistical accuracy will be needed tarilisinate between the models and to pin down the
symmetry energy to a level relevant for neutron stars anchiatparity violation. In the summer of 2011, PAC38 at
JLab approved a proposal for a follow-up experiment (PRBXalreduce the error by a factor of £8Pb remains an
attractive target because: 1) Lead is a very well-knowneusbnd has a simple structure (doubly-magic); 2) It has
the highest separation to the first excited state (2.6 Me\@ngfheavy nucleus. Combined with the high momentum
resolution of our spectrometers, this separation lenéff itgell to the flux integration detection technique; %8§Pb
is thought to have a relatively large valueRf. 4) Since?®Pb is a heavy nucleus, with a large number of extra
neutrons, there should be a relatively clean interpretaifche skin thickness in terms of properties of bulk neutron
matter.

There is also an interest in performing parity-violatingasierements from other nuclei; the consensus on the
candidates for a next series of runs #i€a,*°Ca, and isotopes of tin112Sn,129Sn, and*?4Sn, see ref 4]. Statistical
errors better than 1% appear to be feasible with 30 day rums?8Ca measurement is optimized at a beam energy of
~2 GeV, making it an ideal 1-pass experiment for Hall A in theGe/ era. We plan to propose*éCa run at PAC39.
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PREX Results and Projections
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3.8 E06-010 - Transversity

Measurement of Single Target-Spin Asymmetry in Semi-Isiekel Pion Electroproduction on a Transversely
Polarized®He Target

J.-P. Chen, E. Cisbani, H. Gao, X. Jiang, J.-C. Peng co-speksons,
and
the Hall A Collaboration.

contributed by K. Allada. J. Huang, X. Qian

3.8.1 Introduction

Experiment E06-0101] collected data in Hall A from Oct. 2008 to Feb. 2009 usingan$versely polarizetHe
target in order to measure target single-spin asymme®i84) in3He(e, &h) reaction (wherdr = 1, 70, K+ or K-).

The BigBite spectrometer was set af 3 beam right to detect scattered electron wih0 E’ < 2.2 GeV, the left
HRS was used on beam left to detect the fragmented hadrorincidence afpy, = 2.35 GeV/c and 16 The goal of
this experiment is to extract the Collins and Sivers sirggligr asymmetry in semi-inclusive DIS reactions on neutron
(®He) in order to constrain quark transversity (quark trarseespin) and quark Sivers distributions, which reflect the
correlation between the quark’s transverse momentum andubleon’s transverse spin.

Recently, the COMPASS experimen] published the Collins and Sivers SSA results on a translepolarized
proton target. While the proton Collins asymmetry of COMPA®Sich is clearly non-zero, are consistent with that
of HERMES [3], the Sivers asymmetry are smaller than those of HERM&S8Ut not vanishing.

The data analysis of this experiment has been completetiéamain reaction channels, which include SSA and
DSA in the coincidence channels. The results are shown il Figecently these results were publishedind].
The upper panels of Figutzs show the moments of the neutron Collins single-spin asymyniet i (left) and T
(right)channels, respectively. The Collins moments ontnoeuare not large, mostly consistent with zero within the
statistical uncertainties, except for thé channel at the highest x-bin, where data favors a negatil&€moment.
The lower panels of Figurgé show the moments of the neutron Sivers single-spin asymyrf@timt™ (left) and
(right) channels. Again, the Sivers moments on neutroneletively small, at the level of a few percent. For tie
channel, which favors the d-quark in nucleonyascarries a valence u-quark from neutron, and it is couplet thie
“favored” fragmentation function, data suggests negatalaes for the Sivers moment, in general agreement with the
trend predicted by Anselminet al, noticeably smaller in magnitude. On the other hand, therSisnoment of ther™
channel are consistent with zero within the total uncetigériThe DSA results are shown in Fig@é The extracted
Al'; (TT7) is consistent with zero within the uncertainties, @i (1) is positive and its sign is consistent with various
model predictions.

Currently our analysis is focused on two parasitic measargsndone in the inclusive channels:

e Inclusive®He target single-spin asymmetry in the DIS reaction®He(e, &) X.

e Single spin asymmetries in inclusive hadron productionéft HRS and the BigBite spectrometer.

The analysis of inclusive target SSA in DIS, /s presented as a separate chapter in this report by J. Kaieh
will discuss below the progress on the analysis of incluba@ron production.
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Figure 26: The results of Collins and Sivers moments of meuéire shown. The error bars represent the statistical
uncertainties. The different sources of experimentalesyatic uncertainties are shown as a red band and systematics
due to fitting an angular modulation to the asymmetry is showlblue band. The magenta curve is the theoretical

calculations from Anselminet al.[5, 6]

3.8.2 Inclusive Hadron Production

Recently it has been suggestedShthat the study of inclusive hadron production from a traarsely polarized target,
eN' — hX, where the scattered electron is not detected, can allowtestthe TMD factorization. This is essential in
understanding the large single spin asymmetrdgg bbserved at hig®r in the proton-proton collisions, where one
of the proton is transversely polarizet)] 11, 17].

In the E06-010 experiment, apart from the coincidence #iiggsingles triggers on both Left HRS and BigBite
were also collected. This allowed us to analyze the SSA fdusivertt, K*, proton in the HRS, and for unidentified
hadrons in the BigBite detector. In this experiment the BigBetector did not have hadron identification capabditie
The phase space plot & vs. X covered in this experiment is shown in Figwte for inclusive hadron SSA for
Ttt, proton andy. The large acceptance of the BigBite detector and the tvgetapin statésallowed us to study the
angular (ps) dependence of the asymmetries. Hegas the angle between spin plane (defined by the incident beam
direction and target spin direction), and the hadron plalefiffed by the incident beam direction and the outgoing

hadron direction).

At present the analysis is focused on identifying inclusf@®ns in the HRS using a RICH detector. During this
experiment the performance of the RICH detector was notr@dtiresulting in the overall inefficiency of this detector
to be around 50%. Therefore the Kaon sample becomes salligtimited when cuts including the RICH detector
were applied to the data. The Cerenkov angle reconstructdtkiRICH detector is shown in Figugs8 for positive
and negative HRS polarity data. The plot also shows the tafeatess of a Kaorx? probability cut as described in
[19] for identifying the Kaons. The bottom plots of Figu?& shows clean Kaon sample aftet cut.

1Target spin “Transverse” and “Vertical” with respect to theoming beam direction.
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Figure 27: NeutrorA 2% azimuthal asymmetry for positive(left) and negative (tjgtharged pions vs Bjorken
X,

The preliminary®He SSA obtained fort™, 1t~ and proton in the HRS for two different target spin statesshmvn
in Figure30. When the target spin is in the transverse direction the asstmynis near zero. This is due to the term
(kg x k) - Sy contributing to the cross-section. Hdeeandk; are the momentum directions of the incoming electron
and outgoing hadron, respectively, égdis the target spin direction. When the target spin is in valtigrection this
term becomes non-zero, and hence we observe a non-zero agsynamplitude. The other feature of this result is that
the asymmetry has an opposite signfiorandm, and the asymmetry for protons has the same sign as tht. of

We expect to finish the analysis of SSA in inclusive hadron 88d in the DIS A reaction within the next six
months for publication.
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3.9 E06-014 4

Precision Measurement df: Probing the Lorentz Color Force

S. Choi, X. Jiang, Z.-E. Meziani, B. Sawatzky, spokespesson
and
thed? and Hall A Collaborations.
contributed by M. Posik, L. El Fassi, D. Flay, D. Parno, andang.

3.9.1 The Experiment

Experiment E06-014 ran in Hall A from February 7 to March 1002, at two production beam energies of 4.73
and 5.89 GeV, on a polarizetHe target. In this experiment the resonance and deep irelaence quark regions
were probed, which corresponded to the rang&§ & x < 1.0 and 1.5 Ge¥ < Q? < 7 Ge\2. Figure31 shows the
coverage irQ? andx. Included in this plot is the invariant ma#éat a value of 2 GeV, which separates the resonance
and deep inelastic regions. The LHRS and BigBite detectokgges were each oriented af 4Blative to the beam
line, with each of the detectors independent of one ano#laéing as its own single-arm experiment. The LHRS was
used to measure the unpolarized cross-section, while i measured the double-spin asymmetries in scattering
between a longitudinally polarized electron beam and aitodipally and transversely polarizé#ie target.

E06-014 also served as the commissioning experiment fors&Cgeenkov detector, which was installed into
the the BigBite stack, as well as a new photon detector aregjiiating data-acquisition system for the Compton
polarimeter [, 2, 3, 4].

The primary goal of E06-014 is the measurement of the quadii}fit The neutrord, is a probe of the strong force
that is formed by taking the second moment of a linear contisinaf the polarized structure functiogs andgp:

1
BQ) = [, 261 (x Q) + 33 (x )] éx ©

Atlow Q? where the virtual photon wavelength is larger than the rarglé, can be associated with spin polarizabilities
of the nucleon§, 6]. However, at largef)?, it is more appropriate to interprep as the average transverse Lorentz
color force acting on a quark after being hit by a virtual o5, 7].

In addition to gaining insight into the nature of the colorde, the precision measurementdfwill also be a
benchmark test for lattice QCD predictions.

E06-014 measuredh by combining the unpolarized cross-sectiop from the LHRS, as well as the parallel and
perpendicular asymmetrie&; andA, from BigBite. The asymmetries are defined through the cagntates of each
spin orientation as:

A _NHT_NTTT 4 A _N¢:>_NT:>
1= NNt &9 AL = s N

where single arrows represent the electron helicity dvactand double arrows represent the target polarization di
rection. By combining these independently measured diiestil) is expressed exclusively through experimental
guantities as:

_ [tMe? x2y? 1+ (1-y)cosB 4 4
o 402 (1_y)(2_y)°°{<3(1_y)3m9+ytan(9/2)>AL+<y—3>A]dx, (10)
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wherev = E — E' is the energy transfer from electron to targ®ts the scattering angle of the electron ang v/E
is the fractional energy transfer from electron to targehe Bdvantage of measurinij in terms of experimental
quantities is that it allowed the allotted beam time to baddid between measuringy andA, in such a way that
the error ond] was minimized, rather than minimizing the error on the spimciure functionsg] andgb. The
measurement of} (Q2 ~3 Ge\/z) is expected to result in a fourfold improvement on the wordadas shown in
Figure32, in advance of an approved 12 GeV experiment in Hall C thdtexilend the precision measurementgf
to higher kinematic ranges §.

Kinematic Coverage

7 = = Invariant Mass = 2 GeV

T N T A N T
00 01 02 03 04 05 06 07 08 0.9 1
X

Figure 31: Shown is E06-014’s coverageQA andx. The lower band is the 4.73 GeV dataset and the upper band is
the 5.89 GeV dataset. The black dashed line shdws 2 GeV.W < 2 GeV corresponds t® values to the right of

the dashed line, which distinguishes the resonance refjibr. 2 GeV corresponds to thevalues to the left of the
dashed line, which defines the deep inelastic region.

In addition to the primary goal of E06-014, the data colldatan also be used to measure the longitudinal virtual
photon-nucleon asymmetry for the neutré§, The virtual photon-nucleon scattering cross section easdparated
into two helicity-dependent cross sectioas,, andos,,. The subscript 1/2(3/2) gives the projection of the totahsp
along the virtual photon’s momentum direction, correspogdo anti-parallel (parallel)A; can then be defined as:

012032 _ 61 (x Q)

~ for high Q?, 11
O12+035 F1(xQ?) ohQ (1)

Aq (X, QZ) =

were F; is the unpolarized structure function. We may also expfgsm terms of the parallel and perpendicular
asymmetriesf\| andA |, that were measured in BigBite as:

— 1 A — n
" D(+ng) 1 d(T+ng)

Ay AL (12)

whereD is the virtual photon polarization factor amg &, andd are quantities set by kinematics and by the virtual
photon polarization vectoe].

CombiningA? data measured on an polarized effective neutron targetAﬁidata measured on a polarized proton
target, allows access to the polarized-unpolarized patismibution function ratiof\u/u andAd/d. Recent results
from Hall A [17] and from CLAS [L8] showed a significant deviation @d/d from the predictions of perturbative
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Figure 32: All the data shown with the exception of the SLAGE{ data, are dominated by resonance contribution.
E06-014 data will observe mostly the DIS contribution. Theigcted error on from E06-014]is shown, along with
the lattice QCD resultg]. The pQCD evolution from the lattice point was performedRatricia Solvignon, which
was based on papers by Shuyak and Vainsheihgnd Ji and Choul[1]. Data from JLab experiments E94-0107

and RSS [ 3] are included in the plot. For comparison to the resonanogribwtion, a MAID model [L4] is plotted.
Also plotted is the totadl, from SLAC experiment E155x1[].

QCD, which have that ratio approaching 1 in the limitxof> 1. As part of the 12 GeV program, two approved
experiments (one in Hall A1[9 and one in Hall C 20]) will extend the accuracy andrange of this measurement,
but a measurement @f! at E06-014's kinematics will provide valuable support (giutation) of prior Jefferson Lab
results, while producing additional input for theoretioaddels in advance of the coming experiments at 12 GeV.

3.9.2 Analysis Progress: Target and Beam

When performing a double-spin asymmetry experiment, kndgéeof the target and beam polarization is crucial.
E06-014 used the standard Hall A polariZéte target with two holding field directions: longitudinaldatransverse
in plane with respect to the beam direction. To extract thgetapolarization, EPR and NMR measurements were
done. Since the calculation of target polarization from EPE NMR measurements depends ondHe density, a
complete understanding of the density is essential.

The number density 6He was measured in both the pumping chamber and the targabenaThis measurement
was achieved by using the fact that collisions witte atoms broaden the D1 and D2 absorption lines of rubiditij [
By measuring the width of the D1 and D2 absorption lines arraating a 1% N contribution, a measurement of
no, the3He number density at room temperature can be obtained.

Vpe [ Tre -
Noe =N 1+p<—1ﬂ 13
pc O[ Viot Tpc ( )
Mee = N [1+ Me (T"" )}1 (14)
T Vior \ T

Since the number density changes with temperature, EqsdtRand14 were used to compute the number densities
in both the pumping and target chambers, whégeis the total volume of the target cel, is the temperature and
the subscriptgc (tc) refer to the pumping (target) chamber. The temperaturbethambers was measured using

?Densities were calculated in units of amagat, where an amagmay)(is 2.687<10?° m~3.
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seven resistive thermal devices (RTDs), which were placasiae of the target and were stable withitC2during
production P]. The3He number densities for the E06-014 target cell, Samantha,fanction of run number can be
seen in Figurg3, with the average values listed in Tal@le

®He Density in Target Cell
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Figure 33:3He densities as a function of BigBite run numbeéi [

| Chamber| *He Density (amg)|

Pumping 6.93+0.19
Target 10.81+0.29

Table 6: Averag€He densities in target cell2[ 27]

During E06-014, EPR measurements were taken every sewyrsl @hile NMR measurements were taken every
four hours. During EPR measurements, the frequency shifotefssium level transitions in the presence of polarized
3He was measured. This frequency shifizpr can be related to the target polarizatig¥,:

A4 dv

KoMepeNpcPspe: (%)

wherepy is the vacuum permeabilitys,. is the magnetic momenfﬂ,"dE—BMQ is the derivative of the EPR frequency with
respect to the magnetic fieldg is the enhancement factor angk is the pumping chamber number density. During
EPR measurements, a NMR measurement was done simultaynebhisl allows for a comparison between the EPR
polarization,Ps,., and the measured NMR amplitude,A conversion factoc’ can then be formed that allows NMR

measurements to be converted into an absSieepolarization, and is defined as:

/ P3He

= (16)

In addition to obtaining the conversion factdrfrom comparing EPR and NMR measurements, it can also be
calculated by performing a calibration on a water targete filnal NMR polarization is then computed by taking the
weighted average of the polarization computed from the EfRRveater calibrations. Although the water calibration
still needs to be done in order to obtain the final target jmdéion, the EPR measurements can be used to obtain a
preliminary target polarization. The average conversamdrc’ for all EPR measurements in each target polarization
direction, which can be seen in Tablewas computed and applied to the NMR measurements. A linéznpolation
was then done in order to obtain the polarization on a rumdoybasis. This procedure resulted in a combined
systematic and statistical error aB46 as shown in Figurg4 [2, 22].
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| Polarization Direction| c/(%/mV) |

Longitudinal 2.84+0.14
Transverse 1.77+0.09

Table 7: EPR-NMR conversion factors[2, 23]

Target Polarization During E06-014
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Figure 34: Preliminary target polarization based on linetrpolation of NMR polarization measurements calitdlate
using EPR results. Red lines show spin transitions betwe@syerse and longitudinal orientations. Blue lines show
180 rotations of spin orientation within a polarization plafiée labels at the top of the graph give the polarization
direction during that time period: . = 0°,T_ =90° andT, =270 [].

In addition to the target polarization, the beam polar@atalso needs to be known. E06-014 used a polarized
electron beam at energies of 4.73 and 5.89 GeV. The polanizaf the electron beam was measured independently
through Compton and Mgller scattering. During the runnif@06-014, there were several Mgller measurements
performed, while Compton measurements were taken contsiyithroughout the experiment. Figusé shows the
beam polarization as a function of BigBite run number for bheller and Compton results. The beam polarization
data was split into four run sets and the average polarizdtipeach run period was then computed by taking into
account both the Compton and Mgller data. The final beamipatans can be seen in Tatdd?2].

| Run Set| Beam Energy (GeV) P from Compton| P from Mgller | CombinedP: |

1 5.90 0.726+£0.018 0.745+£0.015 | 0.737+0.012
2 4.74 0.210+0.011 - 0.210+0.011
3 5.90 0.787+0.020 0.797+£0.016 | 0.793+0.012
4 4.74 0.623+0.016 0.628+0.012 | 0.626+0.010

Table 8: Final beam polarization for E06-014, correctedldeam fluctuations. For run set 2 there was no Mgller
measurement. 2]

3.9.3 Analysis Progress: LHRS

The LHRS was used to measure the total unpolarized crogsiseahich will multiply the measured asymmetries
in BigBite. In order to measure the unpolarized cross sectite LHRS hardware must be calibrated and particle
identification (PID) cuts applied in order to select a pailtic particle type from the datd]. The total unpolarized
Cross section is given as:
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Beam Polarization During E06-014
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Figure 35: Final electron beam polarization from Mgller &wmpton measurements for E06-014. Note there was
no Mgller measurement for the second run 8gt [
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whereN is the number of events counted that passed the PID gsitsthe pre-scale factog,is the detector efficiency,
Q is the the total charge on targgty is the trigger live timen is the target density)Z is the effective target length
as seen by the LHR®A0 is the vertical (dispersive) anglAgp is the horizontal (transverse) anglet’ is the electron

energy width seen by the LHRS, ands an acceptance weight factor.

Due to the magnetic fields created by the LHRS magnets, th@laatceptance may not coincide with the geo-
metrical apertures of the LHRS. To account for this diffeena weight factor is computed. In order to determine
the weight factow, a Single Arm Monte Carlo (SAMC) simulation was utilized. €T§imulation randomly generates
particle trajectories that are larger in momentum and soigle ranges than the actual acceptance. The same cuts that
are used in determining the electron events from producltata are then applied to the events generated from SAMC.
This event count will now be referred to BI%'{;" The simulation then uses John LeRose’s transport mafricgsto
propagate thed,t\;ig" events through the LHRS. As the particle approaches eachehagerture in the LHRS, a check
is performed to see if the particle passes through the aperfor all events that make it to the focal plane, the event

is reconstructed at the target. These events are referesNgES. The ratio of,\'}iﬁ:{}é then forms the acceptance weight

factorw [25]. In Figure 36, we see the results from SAMC compared to actual productida fibr the target length
seen by the LHRS, the vertical and horizontal angular thistions andp/ p. The acceptance weight is approximately
0.99.

The raw®He cross-section measured in the LHRS,y, contains contributions from electrons which do not orig-
inate from scattering offHe nuclei, but rather from pair production processes anttesoag from nitrogen nuclei.
Nitrogen gas is present in the pumping chamber to optirfite polarization £1]. Some of the nitrogen gas dif-
fuses from the pumping chamber into the target chamber wih&geactions with the electron beam take place. In
order to remove the pair production and nitrogen contramgifromao;ay, several runs were taken with the LHRS
in positive polarity mode during which positrons were détdc From these runs a positron cross-sectin, was
measured. To obtain the nitrogen scattering contributia is present duringHe runs, a reference target cell was
used. The reference cell was similar in geometry to3He cell but was filled with nitrogen gas. By scattering
electrons from the nitrogen target, a nitrogen crossmpdiﬁ; was measured. Since pair production is also present

when scattering electrons off of nitrogen nuclei, a nitrogesitron cross—sectiomﬁg was also measured with the
LHRS in positive polarity mode. The nitrogen positron crssstion was subtracted from the nitrogen cross-section
to avoid double counting pair production events which wéreaaly accounted for in théHe positron cross-section.

In order to account for the probability of scattering frontrogjen nuclei present in thtHe target cell, the nitrogen
cross-sections were weighted by the atomic densities. Highted nitrogen cross—sectianﬂl‘;, is called the diluted
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Figure 36: Comparison of events that passed in SAMC to E@6pbdduction data from LHRS.

nitrogen cross-section and is defined as:

o = o (0w~ 0f} ) =0 — oy, (18)
NN, + Napye 2 2 2

whereny, andns, are the nitrogen antHe densities.

Oraw Can now be corrected for pair production processes andyeitrscattering contributions by:

dil
Oexp = Graw - Ge+ - GNIZ (19)

Figure37shows the 4.73 and 5.89 GeV raw, positron, nitrogen, dilotedgen and corrected cross-sections measured
in the LHRS as a function of. With the preliminary 4.73 and 5.89 GeV cross-sections deted [26], analysis is
now being done to apply radiative corrections to the cross@es.

3.9.4 Analysis Progress: BigBite

E06-014 used the BigBite detector package to measure th@alspin asymmetry between longitudinally polarized
electrons and a longitudinally and transversely polaritdéeltarget. The BigBite detector calibrations and data tyali
checks have been completed for the 4.73 GeV datalsél.[ Preliminary asymmetry analysis at a beam energy of
4.73 GeV has also been completed. The longitudinal andwteass asymmetries were computed using Equatidn
The kinematic range (@05 < x < 1.0) has been divided into 17 equally spacduins. As can be seen from Figusé,
this data set is in the deep-inelastic scattering (DIS)ymegivV > 2) for x < 0.52; above this value, the data are in the
resonance region.

Since the’He target has a small percentage ofdesent, as shown in Sectir9.3 the unpolarized hNgas will
tend to dilute the measured asymmetries. In order to cofoethis in BigBite, counting rates from a pure target
was also measured. Comparing thethrget counting rates to tHéle production cell scattering rates, a dilution factor
can be formed and applied to the measured asymmetry. Thedifactor is given by Equatior2():
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Figure 37: LHRS preliminary cross sections as a function.oRadiative corrections have not been applied to the
cross sections, and error bars shown are statistical only.

__Zn,(N2) Q(He)nw, (*He)
Ziotal(3HE) Q(N2)nn,(N2)

Dy, =1 (20)

whereXy, andXa are the total scattering counts that pass data-quality ddccits detected during theNand
3He target runs. Q(} and QfHe) are the total charge deposited on the two targetsnandNz) andn, (3He) are
the nitrogen number densities present in the two targets. dilation factor was computed at each of thexizins.
Figure38 shows the results of the nitrogen dilution calculations.
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Figure 38: Preliminary Bdilution factor is plotted vg at a beam energy of 4.73 GeV. Outer error bars show combined
systematic and statistical errors. The inner error bare/ghy statistical errors. In some bins, the statisticabeis
too small to be seen on the graph.

In addition to correcting for nitrogen dilution, correat®for target and beam polarizations must also be applied
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since the target and beam were not fully polarized. Thisésaited for by dividing the asymmetries by the measured
target and beam polarizatiori,andR,, found in Figure34 and Table8. The physics asymmetries are then given as:

1 raw 1 raw
A= RADy, A T RADNcoRg 1
whereqis the vertical scattering angle. Figuse shows the physics asymmetries3the at an electron beam energy
of 4.73 GeV as a function of. These asymmetries can also be used to form longitudinalaltiphoton-nucleus
asymmetry orfHe, AiHe via Equation12. Preliminary E06-014\; asymmetry measurements &He are in good
agreement with previou8; asymmetry measurements, as can be seen in Fifurd=06-014's largest sources of
systematic error on the 4.73 GeV data set are due to the fpoipatization measurement, the contamination of the
DIS electron sample by pair-production processes, andsimanomentum assignment. Completing and finalizing
the target water calibration will substantially reduce flystematic error. A complete study of backgrounds must
await analysis of the larger 5.89 GeV data set, during whicle trigger thresholds were lower and correspondingly
background rates were higher. Initial calibrations ané dpiality checks have just been completed on the 5.89 GeV
data set, with asymmetry and background studies to follawtkh

The extraction of the neutron asymme#y at 4.73 GeV beam energy is also underway, however, the éxinac
is model-dependent. Previous experimeritg have used Bissegt al's complete model in the DIS regimé ).
However, E06-014's 4.73 GeV data set spans both the DIS awhaace regions. A consistent treatment of both
DIS and resonance data requires careful considerationmagtste-function smearing?f]. We are working with
W. Melnitchouk to extract neutron asymmetries across otireskinematic range.
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Figure 39: Preliminar® andA; on3He are plotted v at a beam energy of 4.73 GeV][ The dashed line iV = 2
GeV, which distinguishes the DIS region (to the left of thelted line) from the resonance region (to the right of the
dashed line).
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3.10 EO07-006 - Short Range Correlations

Graduate students: Or Hen (TAU), Igor Korover (TAU), NavaptMuangma (MIT).

S. Gilad (MIT), D. Higinbotham (JLab), V. Sulkosky (MIT) ardd Watson (KSU), spokespersons,
and
the Hall A Collaboration.
contributed by E. Piasetzky (TAU).

Experiment E07-006 (SRC}Jwas proposed to continue the study of short-range nuahemteon (NN) correla-
tions. During the first high luminosity triple coincidenceperiment at JLab, E01-015, we measured(&€'pp) and
(e,€pn) reactions ort°C over the(e, €p) missing momentum range from 275 to 550 MeVThese measurements
were sensitive to the short-range NN tensor force. The niple tcoincidence experiment was proposed to measure
these reactions otHe over the missing momentum range from 400 to 875 MeN/order to study the short-range
repulsive part of the NN interaction and investigate thesiiéon from a tensor-force-dominated region. The kinémat
conditions(Q2 =2 Ge\? andxg > 1) allow us to extract the abundancemf andpp-correlated pairs with minimal
interference from final state interactions, meson exchaungesnts and resonance production. The experiment was
approved for 23 PAC days to perform the measurements at &dues of missing momenta.

The scientific goals for this experiment were partially @vkd in terms of the data acquisition with three missing
momentum values of 500, 625 and 755 Me\fovering an acceptance of 350-840 Mel//The missing momentum
distributions normalized to the accumulated beam changiéothree kinematic points are shown in Fg. Analysis
for the experiment is proceeding, and we expect final resguttsn the next two years.
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Figure 41: Missing momentum distributions for values of 5886 and 755 Me\W normalized to charge.

At this point, the analysis is focused on three main directi©ne focus of the analysis is to study the triple
coincidence reactions'He(e, €pn) and*He(e, €pp), determine the number of events for each of the reactions and
calculate their cross section ratio. As the missing maseases, the dominance of the tensor force is expected to be
reduced and the short range repulsive force is expected noobe important. The ratio of the two different isospin
channels can hopefully teach us about the interplay bettvessse components of the short distance nucleon-nucleon
force.
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Another focus of the analysis is to examine the possibilftgetecting SRCs using double coincidence measure-
ments. We are in the process of analyzing events where thteiszhelectron is detected in the left HRS and the recaoill
partner (a proton or a neutron) is detected in coincidenedler the Hall A Neutron Detector (HAND) or the BigBite
spectrometer. The advantage of this analysis is that if weidentify the events corresponding to SRCs, then their
statistics will be much improved compared to that of thelérigpincidence events. Success in this analysis will also
pave the way to use recoil high momentum nucleons as a trfgg&iS from correlated pairs].

The last analysis direction is an effort to use the new higitision*He(e, €p) data at high missing momentum
together with measurements of the same reaction with lovigsing momentumd] to check the theoretical calcula-
tions of the*He nuclei. The high momentum part is a great theoreticalehgé due to the importance of relativistic
effects.
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3.11 EO07-013 A, in DIS 3He(e,e’)

A Measurement of the Target Normal Single-Spin Asymmetripnaiusive DIS Scattering

Todd Averett, Tim Holmstrom, and Xiaodong Jiang (spokespes)
and the Hall A Collaboration.

contributed by Joseph Katich and Xin Qian

The Experiment

Experiment EO7-013 has measured the target single-spmrasiry (SSA) in inclusive DIS scattering of electrons
from a vertically polarizedHe target. The reaction channel is a clean window into thiere&two-photon exchange
(2y) physics, as the asymmetry is identically zero in the Borpregimation. A non-zero asymmetry is a clear
indication of a ¥ effect. The experiment ran parasitically to E06-010 (‘“Ewersity’) from late October 2008 until
early February of 2009, during which more than 16 coulombgaafd vertical-target production data were acquired.
The experiment also made use of data collected from a tresedyepolarized target. This transverse data serves as a
systematic check, as its the single-spin asymmetry is éggec be identically zero.

3He Target

For the experiment, the recently developed ‘hybAHe cells were implemented; the second experiment to do so.
This modification to the target allows for in beam target pakgtion to reach nearly 50%. Further, the usual FAP
Coherent lasers were replaced with narrow-band laserbdhi@r match the absorption spectrum of Rubidium. This is
the first experiment to use these lasers with*tHe setup, and the result was another increase of in-beamizatian,
averaging better than 60% (absolute).
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Figure 42:3He target performance for vertical production data runst{etl versus arbitrary run numbers).

The experiment also took advantage of a highly modifieeé oven and laser setup that was designed to provide
target polarization along any of X,Y or Z axes. This new featallowed not only for the vertical (out of scattering
plane) target polarization that is needed to maximize th&ghal, but also the transverse (in-plane) polarizatiorafo
systematic check.
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Analysis Progress

The biggest challenge regarding data analysis is the d&paiEt ‘good’ electrons from background in the BigBite
detector for the three individual triggers with good sirsgiiata: T1 (Preshower+Shower sum), T2 (Preshower, Shower
and a gas Cerenkov) and T6 (identical to T1, but with a highiest®ower threshold). By far the largest source of
background comes from photon-induced electron-positairsp There is also a small amount of negative pion con-
tamination. Estimation of the negative pion contaminat®straightforward and is achieved by fitting the preshower
energy deposition for electrons and negative pions. Thesebars are also compared with the BigBite GEANT3
Monte Carlo,and were found to be in good agreement. Padymed contamination is estimated by applying positron
cuts to positive-polarity BigBite runs, then comparingstiiield to that of a normal production run. This process is
complicated by positive hadron contamination in the pogsigsample. Estimates of each of these contaminations are
shown below for six data bins.
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Figure 43: Contamination estimatesmf (from negative polarity runs) armd" (from positive polarity runs) for six
data bins.
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Figure 44: Photo-induced positron contamination for sitadans. Only the central values are shown. Error bars are
still to come, see ‘Remaining Tasks'.
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Preliminary Results

Preliminary raw asymmetries are plotted below for six W bBig)Bite data is shown in black, with bins ofOW;, <
20<Wr <23 <Ws <26 <W; < 2.8<Ws < 3.0. The LHRS data was analyzed as a single point and is shown in
red. All data have been corrected for both pion and pairqctidn contamination, however, other dilution factors are
yet to be taken into account for. Asymmetries at low W are sbast with the preliminary quasi-elasti, results.

The intermediate W asymmetries show a clear positive sightie 3 level. The high W results favor a positive
asymmetry, but with a very large systematic uncertainte 3ingle LHRS data point is in agreement with the trend of
the BigBite data. The results have been generated by twpamdtkent analyses using completely different code, and
are in very good agreement.
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Figure 45:A™® on3He for six W bins. Contamination corrections are appliegdiution is not. The red band on the
right side plot corresponds to the BigBite systematic utadeties.

Remaining Tasks

A few tasks remain before publication. First a correctionNirogen dilution (from the’He target) must be applied.
The data must also be corrected for proton dilution if we arshtowA] rather thanAiHe. Radiative corrections
are also to be considered. This study will primarily be coned with leakage from the quasi-elastic tail. Finally,
the systematic uncertainties budget must be finalized. f@gng reliable estimates for most systematics will be
straightforward, as they will be very similar to the E06-G@tematics (already published). However, there are a few
challenges, such as minimizing the error bars on the paulpred background.
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3.12 EO08-005 A, in 3He(e,e'n)

T. Averett, D. Higinbotham, V. Sulkosky, spokespersons,
and
the Hall A Collaboration.
contributed by E. Long (Kent State University).

3.12.1 Progress ofHe' (e €n) Target Single-Spin Asymmetries

Progress has been made on thie' (e, &n) Single-Spin Asymmetries for experiment E08-005, Measanat of the
Target Single-Spin Asymmetdy, in the Quasi-ElastiéHe' (e,e’n) Reaction where the target was polarized in the ver-
tical direction (transverse to both the beam and the g-vicithe A, observable is correlated to final state interactions
(FSI) and meson exchange currents (MEC). At lofy €ntributions from FSI and MEC are expected to be large and
decrease at higher’Q

Data from the HRS were used to isolate the quasi-elastic @edlapply basic kinematic cuts, as shown in Figure
46for Q%=1.0 Ge\#, were applied to identify scattered electrons. Figéré§0 show the Hall A Neutron Detector’s
time of flight (ToF) spectra. For the ToF spectra, the left plbeach set is for target spin up events and the right is
for target spin down events. Figu#g shows the background fit, which is then removed from the ToShasvn in
Figure48. This was repeated for eact? QFrom the ToF spectra, it is obvious that the asymmetry imgima with
Q2. This process will then be applied to the E05-102 experirserthat the longitudinal and Transver$ée (€ &n)
Double-Spin Asymmetries at®0.5 and 1.0 Ge¥can be measured.

The @=0.1 GeV point includes both protons and neutrons in the ToF peak.dkpected that protons dilute the
asymmetry, and it will become larger when they are removeatoR dilution for this @ is in progress. For the higher
Q?, a veto on charged particles is included, which restrictssdmple to neutral particles.
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Figure 46: Basic kinematic cuts for©1.0 Ge\ . The magenta and boxed events show which electrons wegtestle
for analysis. Similar cuts were made for the othé&rp@ints.
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Figure 48: ToF for 3=1.0 Ge\? with vetoes with background subtracted. These plots shewldi spectra with the
background subtracted. The peak is then integrated ovethentumber of events in the peak is displayed.

100 100
B @
& &
) K
2 2
# of Good Up Events: 163459
- N n N . . I . # of Good Down Events: 148344
%05 200 500 500 600 200 %05 70 500 E 000 200

Figure 49: ToF for 3=0.5 Ge\? with vetoes with background subtracted. These plots sheWdh spectra with the
background subtracted. The peak is then integrated ovethemimber of events in the peak is displayed.
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Figure 50: ToF for 3=0.1 Ge\? without vetoes with background subtracted. These plotesshe ToF spectra with
the background subtracted. The peak is then integratedaoekthe number of events in the peak is displayed.

67



3.13 E08-009 #He

Study of*He(e, €p) reaction up to high missing Energies and Momenta.

K. Aniol, F. Benmokhtar, D. Higinbotham, S. Gilad and A.S¢Baokesperson)
S. Igbal and N. McMahon (Students)
the Hall A Collaboration.
contributed by F. Benmokhtar.

3.13.1 Motivation

Semi-inclusive(e, € p) experiments have provided a wealth of information on theatiffe nucleon momentum distri-
butions, Final State Interactions (FSI) and wave functiomedations. The E08-009 experiment was designed to study
the “He nucleus via the reaction dynamics of (Peeép) process up to high missing energies and high missing mo-
menta. The measurement of the cross section of two bodyfugakannefHe(e, e p)T allows the study of the triton
ground state wave function, while the measurements of théreaim channel is one way to study the proton-neutron
correlations.

By measuring the scattered electron and the knocked-otdrpio coincidence one can increase the sensitivity to
the interaction of two nucleons with small inter-nucleopa@tion inside a nucleus. For example, consider an efectro
scattering on a proton belonging to a pair of correlatedenrts inside a nucleuéHe in our case. In the center of
mass system of the two nucleons, due to their closeness, itiieteons have large, equal and opposite momenta. As a
first approximation we can neglect the momentum of the péative to the remaining nucleon. In PWIA, the struck
proton is ejected with momentud— p,, while the other nucleon of the pair moves off with the reecndmentum
of the reactionp,. The spectator nucleons are at rest, so this is the thregHiredkup (3bbu) reaction channel, as
opposed to the two-body breakup (2bbu) channel wit dinal state.

The spectator nucleons and the undetected nucleon of thequaititute a recoil system of mass:

2
M? = [Ma_2+1/MZ +p? —p? (22)

Thus, the signature of this process is the appearance oflaipé&s,iss in the continuum region whose position
depends onp Emiss= Mr+Mp—Ma. The peak width reflects the motion of the center of mass veisipect to the
spectator nucleons and its height is directly related tae¢hetive wave function of the two nucleons. The peak thus
signifies the absorption of virtual photons on nucleonsetated in pairs.

The integral over the continuum will give the momentum disttion of the proton in the pair. It is obtained
experimentally by dividing the experimental cross sectigrthe elementary off-shell electron-proton cross section
Oep, and by integrating over missing energy:

dbo
ﬂ(Pmlss) = /(m /Gep) dEm|ss (23)

This momentum density distribution is an actual density amithe PWIA limit. What one gets experimentally is the
distorted momentum density distribution.
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3.13.2 The experiment

The E08009 experiment ran its perpendicular kinematicsduhe spring of 2011 concurrently with a series of Short
Range Correlation (SRC) experiments for high missing mdenep to 1 GeW¢ and ran with its dedicated beam time
at low missing momenta down to 150 Me&V//The continuum region of thtHe(e, € p) reaction is under study in order
to investigate high-nucleon-momenta components irflewave function with the absorption of virtual photons on
proton-neutron correlated in pairs in thide ground state.

The measurements were performedkat= 1.25 and at a fixed transferred four-moment@h = 2(GeV/c)?.
These measurements will complement a previous experilrgintly of the same reaction éile carried in Hall A of
Jefferson Lab, which was the thesis subject of Fatiha Beaoland Marat Rvachevi | 2].

Comparison of the distorted density distributions of thatzmum channels ofHe and3He might show a scaling
behavior between the two reaction, since in the castHef the proton couples to the only neutron of the nucleus,
while in “He it has the possibility to couple to any of the two neutrons.

3.13.3 Status of the Analysis

Two students Sophia Igbal; a master student from Califobtée University Los Angeles. and Nicholas McMahon;
a summer student from Christopher Newport University, vedrkn some aspects of the analysis of the experiment.
Data quality check, acceptance study and background stibtiaare all done.

Target density was extracted for both temperatures of 18d<28nK and our study showed that one has to apply
a 2% adjustments due to the virial corrections for the lowergderature. These corrections count for the deviation of
the density from an ideal gas model by taking into accounttt@nge in the surface pressure when the temperature is
changing. Our study also showed that these correctionglstagame with the changes in target pressure during the
experiment and just depend on the Temperature.

Figure51 shows samples of missing energy spectra for different ngssiomenta. These spectra are corrected
from outside spectrometer coincidence events, fortuitoirscidences as well target wall contributions. at lowessni
ing momenta the contribution is dominated by the two bodwpkug channel, while going to higher missing momenta
the continuum is predominant. We can also see the motioneopdisition of the continuum bump to higher missing
energies when going higher in missing momentum. See herelhswhe show-up of the bump of the pion electro-
production after missing energy values correspondingegtbn mass at 140 MeV.

Theoretical calculations are underway by Udias’ group aedget a big interest from other theorists who are
interested on doing the calculations for us.
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Work done by N. McMahon, Christopher Newport Universitydstnt. This spectra are acceptance corrected and
cleaned from accidental coincidences.
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3.14 EO08-010-NA

Measurement of the Coulomb quadrupole amplitude at they*p — A(1232
in the low momentum transfer region

S. Gilad, D. W. Higinbotham, A. Sarty and N. F. Sparveris kgspersons,
and
the Hall A Collaboration.
contributed by N.F. Sparveris

3.14.1 Introduction

The complex quark-gluon and meson cloud dynamics of hadjivesise to non-spherical components in their wave-
function which in a classical limit and at large wavelengti$ correspond to a "deformation”. Understanding the
origin of possible non-spherical components in the nucleamefunction has been the subject of an extensive experi-
mental and theoretical effort in recent yearss, 3,4, 5,6, 7, 8,9, 10, 11,12, 13,14, 15,16, 17,18, 19, 20, 21, 22, 23,
24,25, 26, 27, 28]. The spectroscopic quadrupole moment provides the mbablke and interpretable measurement
of the presence of these components; for the proton, thestabje hadron, it vanishes identically because of its spin
1/2 nature. As a result, the presence of resonant quadrapgbitudes in theN — A transition has emerged as the
definitive experimental signature of these component1-Baiity selection rules in th&N — A transition allow only
magnetic dipole (M1) and electric quadrupole (E2) or Coldajnadrupole (C2) photon absorption multipoles (or the

corresponding pion production multipol 342,Eff and ﬁ/f (Lf/f) respectively) to contribute. The ratios CMR

= Re(Sff/Mff) and EMR= Re(Eff/Mffrz) are routinely used to present the relative magnitude of tiyelitudes
of interest. Non-vanishing resonant quadrupole amplgudd signify the presence of non-spherical components in
either the proton or in tha* (1232, or more likely at both; moreover, the? evolution is expected to provide insight

into the mechanism that generate them.

The origin of these components is attributed to a number fédréint processes depending on the interpretative
framework adopted. In the quark model, the nonsphericalitudps in the nucleon amlare caused by the noncentral,
tensor interaction between quarks)]. However, the effect for the predicted E2 and C2 amplitUdgss at least an
order of magnitude too small to explain the experimentalltssand even the dominant M1 matrix elementi80%
low [2]. A likely cause of these dynamical shortcomings is thatghark model does not respect chiral symmetry,
whose spontaneous breaking leads to strong emission oavpions (Nambu-Goldstone bosong}]. These couple
to nucleons as - B, whered is the nucleon spin, andis the pion momentum. The coupling is strong in the p-wave
and mixes in nonzero angular-momentum components. Bas#urit is physically reasonable to expect that the
pionic contributions increase the M1 and dominate the E2@adransition matrix elements in the 1o@? (large
distance) domain. This was first indicated by adding pioffieceés to quark models3[], subsequently shown in pion
cloud model calculation’[l, 23], and recently demonstrated in chiral effective field tlysmalculations 27, 31]. Our
current understanding of the nucleon suggests that afi®@arge distance) the pionic cloud effect dominates while
at high<Q? (short distance) intra-quark forces dominate. Recentiggexperimental result§[4, 5, 6, 7, 8, 9, 10, 11,
12,13, 15, 16, 17, 18, 19 are in reasonable agreement with predictions of modelgesting the presence of non-
spherical components and in strong disagreement with aleon models that assume sphericity for the proton and
the A. With the existence of these components well establisteagnt investigations have focused on understanding
the various mechanisms that could generate them.

Dynamical reaction models with pion cloud effects], [27] bridge the constituent quark models gap and are in
qualitative agreement with th@? evolution of the data. The models calculate the resonantreiia from dynamical
equations; they calculate the virtual pion cloud contifmutlynamically but have an empirical parameterizatiorhef t
inner (quark) core contribution which gives them some fligikjtin the observables. They find that a large fraction of
the quadrupole multipole strength arises due to the pidaigiowith the effect reaching a maximum value in the region
Q? =0.10(GeV/c)? (see Fig52). Results from effective field theoretical (chiral) calatibns P7, 31], solidly based
on QCD, can also successfully account for the magnitudesoétiects giving further credence to the dominance of the
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Figure 52: The effect of the pionic cloud to the resonant dnniés as predicted by the Sato-Lee calculativpm.[
Solid line includes the pion cloud contribution while thestlad line neglects the pion cloud effect.

meson cloud effect in the lo®? region. Recent results from lattice QCPX] are also of special interest since they are
for the first time accurate enough to allow a comparison tegrgent. The chirally extrapolated]] values of CMR
and EMR are found to be nonzero and negative in the@Bwegion, in qualitative agreement with the experimental
results, thus linking the experimental evidence for thespherical amplitudes directly to QCD while highlighting
the importance of future lattice calculations using lighdaark masses and further refining the chiral extrapolation
procedure.

3.14.2 The Experiment

The E08-010 experiment aim to explore the low momentum feamsgion at the nucleon’(1232) transition, where

the pionic cloud effects are expected to dominate. The @xeet ran in February and March of 2011 and achieved
all the quantitative and qualitative goals of the experitpgoposal. High precision measurements of piie € p)°
excitation channel were provided. The two High Resolutipe@rometers (HRS) were utilized to detect in coin-
cidence electrons and protons respectively while the 6 ainl&ncm liquid hydrogen targets and an electron beam
of E, = 1.15 GeV at 75uA were used throughout the experiment. High precision measemts were conducted

in the Q% = 0.04 (GeV/c)? to 0.13 (GeV/c)? range. The experiment will offer results of unprecedentestigion

in the low momentum transfer region, it will extend the knedge of the Coulomb quadrupole amplitude lower in
momentum transfer, and will resolve discrepancies betweeasurements of other labs. The analysis of the data is
currently at a preliminary stage. The projected uncerigsrfior the CMR are presented in Fig3. The results will
allow to identify the various mechanisms responsible fer phesence of non-spherical components in the nucleon
wavefunction, will provide a precise signature of the pitoud, offer a deeper understanding of the interplay of the
guark-gluon and mesonic degrees of freedom inside the oicknd will provide strong constraints to the modern
theoretical calculations leading to a more complete urtideding of the nucleon dynamics.
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3.15 EO08-011 - PVDIS

8—2H Parity Violating Deep Inelastic Scattering (PVDIS) at OEB6 GeV

R. Michaels, P.E. Reimer, X. Zheng, spokespersons,
K. Pan, D. Wang, PhD students,
and
the Hall A Collaboration.
contributed by X. Zheng

The parity violating asymmetry @—2H deep inelastic scattering (PVDIS) was measured more thiety years
ago at SLAC [, 2], and was the first experiment that established the valubeoStandard Model weak mixing angle
sirPBy. The goal of E08-011 is to provide an up-to-date measurewreriheé—2H PVDIS asymmetry. This will
not only improve the world knowledge on the electron and thark] neutral weak couplings, but also serve as an
exploratory step for the future PVDIS program at the 12 Ge\gfdde.

The PV asymmetry of electron deep inelastic scattering YDfsa nuclear target is

GFQ2 FVZ FVZ

— 208Y1 (V) —L- + o€ Ya(y) ==

2o |29 1Y) =Y 3(Y) =
G @

4\/210

whereGg is the Fermi constanfy is the fine structure constant,is the Bjorken scaling variable, = v/E is the

fractional energy loss of the electron wikhthe incident electron energy. Witlf = 1+ 8—22 and R%¥* the ratio of

the longitudinal and transverse virtual photon electronetig absorption and the— Z° interference cross sections,
respectively:
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In the quark parton model,
vz oq FY Qg
() = 265 Ly = 220 X g gy = gp T2, — 2020 Y (@)
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Y Q2q (%) FE 7 sQgi(x)

where the summation is over the quark flaver u,d,s---, Q; is the corresponding quark electric chargfé(x) are
defined from the PDF;(x) anddi(x) asq (x) = gi(x) + Gi(x) andg; () = giv(X) = Gi(x) + Gi(x). For an isoscalar
target such as the deuteron, the functiang(x) simplify to

6[2C1u(1+ R:) — C1g(1+ Rs)]
S5+Rs+4R;

6(2C2u - CZd) Rv
5+Rs+4R;

a(x) = and ag(x) = (28)
Neglecting effects from heavier quark flavors and assuntiaguP = d", dP = u" [u,dP(" are the up and down quark
PDF in the proton (neutron)}= s, andc = ¢, the PDF’s give

2(c+c) R= 2(s+9)

u-Uu+d-d
ura+d+d S utrard+d’ -

Re= = i ordrd

andRy

(29)
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For E08-011, the central setting of the spectrometer@fas 1.121 and 1925 (GeVt)?, comparable to the SLAC
experiment. AtQ? = 1.925 (GeVt)?, the asymmetry was measured te-a#% (stat.) level. Not including the un-
certainty from non-perturbative hadronic effects, the®tm and quark neutral weak coupling constant combination
2Cou —Coq = 20508 — g\e,gji, can be extracted from this result. The asymmeti@%at 1.121 (GeV/c§ was measured
to a 3% level (stat.), and will set a constraint on the highastteffect.

E08-011 ran from late October to end of December 2009. Weetilthe two HRSs for detecting the scattered
electrons in the inclusive mode. Because the expected asymasias well as their statistical uncertainties are targe
by 1-2 orders of magnitude than other parity experimenthiefdsame period (HAPPEX-III and PREX), control of
beam-related systematic uncertainties which was the nohgdtenge to these parity experiments, is less of a concern
for PVDIS. In contrast, because of the high pion backgroypictl to DIS measurements, the integration method
could not be used for this experiment. Instead a speci@siguhed, fast counting DAQ was used and a major part of
the analysis effort in the past two years was devoted to staleding the DAQ performance. In the following we will
present the analysis status of the experiment.

The polarization of the electron beam was measured by théeMublarimetry intermittently during the exper-
iment, with an average value &, = [88.47+ 0.047(stat) + 1.8(syst)]%. The uncertainty was dominated by the
knowledge of the Mgller target polarization. The Comptotagmeter monitored the polarization throughout the
experiment and founB, = [90.18+ 1.8(syst)|%. The uncertainty of the Compton measurement came priyrfesin
the limit in understanding the shielding used to reduce #akground events.

The target was a 20-cm long liquid deuterium cell with two 3 aliminum windows. The helicity-correlated
density fluctuation was monitored by the luminosity monitdssuming at-10% difference in the PVDIS asymmetry
between aluminum and deuterium, the correction to the medsleuteron asymmetry is@% for bothQ? resullts.

The scattered particles were detected by the Hall A High Réea Spectrometer (HRS) pair at two scattering
angles of 129° and 200°. A CO, gasCerenkov detector and a double-layered lead-glass shaueter were used to
separate electrons from the pion background. Dedicatedume@ents on a carbon multi-foil target were performed
to determine the uncertainty of the scattering angle andpgketrometer momentum reconstruction. The uncertainties
on theQ? were determined from the method of the optical calibratind the instrumentation limit, and were found
to be 0725% forQ? = 1.121 and(0.58 — 0.64)% for Q> = 1.925 (GeVt?), respectively.

In order to count thes 500 kHz electrons and reject the pion photo- and electrdymtion background typical
for DIS, a trigger and DAQ system was specially designedHi éxperiment. Both electron and pion triggers were
formed. For electron triggers, the overall electron efficieis found to bex 95% with a> 1000 : 1 pion rejection
thanks to both the lead glass and the gas cherenkov coumtergion contamination are found to ‘decrease (“dilute”)
the absolute value of the measured electron asymmetry t; 10

The deadtime correction from the DAQ contributes as a majstesnatic uncertainty for this experiment. The
deadtime of the DAQ consists of three parts: the “path” desltaused by summing and discriminating the preshower
and shower signals to form preliminary electron and pioggers; the “veto” deadtime caused by combining the
preshower/shower triggers with the HRS T1 trigger and afiere signals; and the “final or” deadtime caused by
taking the logical OR of 6 (8) paths to form the final electrow gion triggers for the left (right) HRS. A full scale
simulation package was developed to study specificallyithied performance of the DAQ: Measured T1 and detector
rates were used as inputs to the simulation, as well as tlsh@ner and the shower ADC amplitudes from the HRS
DAQ. The software then simulate the performance of eactiredenodule in real time. In addition, each component
of the deadtime is confirmed by a second method: the “pathdtitea is confirmed by data from the pre-installed
“tagger” system. The “veto” deadtime is checked by both-farster calculations and data from the flash-ADCs. The
“or” deadtime is checked by first-order calculations. Thalfaheadtime correction to the electron trigger is at the 1-2%
level for the two DIS kinematics, with an error bar of 20% tisda depending on how well the simulated results agree
with the second, cross-checking method.

Two independent asymmetry analyzes are being carried owtvdid bias in the analysis, the electron asymmetries
from DIS kinematics are blinded. All pion asymmetries arelsimded, neither are electron asymmetries in the trans-
verse, the resonance, and the positron measurements, Blinfded DIS electron asymmetries from the two analyzes
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agree within 0.2 ppm, about 1/20 of the statistical uncetyaiThe statistical quality and some preliminary resuits o
the blinded asymmetries are shown in Fi§4:55. The non-Gaussian tail for kinematics #2(= 1.121 (GeVt)?)
taken on the left HRS and for #8)¢ = 1.925 (GeVt)?) taken on the right HRS were due to variations in the beam
current (85-10%A) used at the beginning of the experiment. This non-Gandsi&is not present in later data taking
where a consistent 1Q8A current was used, as can be seen from data on kinematicdlg2ted from the left HRS.
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Figure 54: Overall statistical quality of the data aftehdiing correction. From top to bottom: kinematics #1 taken o
the left HRS, kinematics #2 taken on the left HRS, and kinasa#2 taken on the right HRS. All asymmetries shown
are blinded.

The transverse asymmetry were found to be92615.66 ppm forQ? = 1.121 and 1184+ 49.89 ppm forQ? =
1.925 (GeVt)?, respectively, and would cause a fQuncertainty to the measured PVDIS asymmetries.

Asymmetries of pion triggers formed from inclusive pionatte- and photo-production events are being extracted.
Because the pion triggers of our DAQ used only the gas chexetiokreject electrons, while for the lead glass detector,
only a low threshold was used to reject low energy backgrpbuatdno high threshold was used (to reject electrons), a
high electron contamination is expected for the pion trigge interpret correctly the measured pion asymmetry, we
must therefore understand this electron contamination firs

Effects from the pair production background were studieddwersing the polarity of the spectrometer magnet
settings and were found to be at the t@evel for Q> = 1.121 GeV/c?. The asymmetry of the pair production at this
Q? was found to be 7224 11547 ppm, consistent with zero. False asymmetries were fout tonsistent with
zero from measurements of polarized beam scattering offlariped!2C targets.

Radiative corrections were performed for both the inteemal the external radiation effects. External radiative
corrections were performed based on the procedure firstideddy Mo and Tsaij]. Apart from elastic and quasi-
elastice—2H scattering asymmetries, parity violation asymmetrieshef nucleon resonances calculated from two
models {, 5] [with [4] for the A(1232) only] have been used, while a third set of calculation is uwdg [6]. Each
calculation was provided to us in tabulated forms to coverfthl range ofE,E’ and 6 needed by our simulation.
For kinematics that these tables do not cover but are witfénmésonance regio{ < 2 GeV), we constructed “toy”
models which scale the asymmetry calculated from the DISifidat by the ratio of resonance to DIS cross sections.
The toy model thus has the quark-hadron duality “built-int nay not work for the\ region. Measurements of the
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Figure 55: Preliminary results on the electron asymmetr@at 1.925 (GeV/c)?. All asymmetries shown are
blinded.

resonance PV asymmetries were performed with a beam enb4gg6Y4 GeV and provide & (10— 15)% precision
each for theA(1232), the 29 and the &' resonances. These are being used to check the validity sbumance
calculations and thus provide an estimate on how relialdselinputs to the radiative correction are.

So far, the raw (not corrected for the DAQ deadtim¢)1232) results agree with the two calculations (almost
identical within theA region) at ax~ 2 standard deviation level. The deadtime correction woedtlice the difference,
perhaps by a factor of two. Analyzes for tH&¥'2nd the # resonances are currently underway. The first preliminary
results on the DIS kinematics indicate that the radiativeemtions are at the 2-4% level, with an uncertainty below
0.5%.

In comparing with the asymmetry from the Standard Model, eeduCTEQ6 and CTEQ10[8], MRST2008 p]
and MSTW2010 [0] as PDF inputs to EcRB). The uncertainty was estimated using the difference betvitkese
parameterizations. F@® we used Ref.T1]. Effect of possible difference betwe® andR' have been studied as
follows: The latest NLO calculations for the deuterdi][show thatR¥ /RY ~ 0.99 atQ? = 2 (GeVk)? and theQ?
dependence is small. This sets the limit that the effect ammasurement asymmetry dueR¥ /R is ~ 0.15 and
~ 0.2 ppm, forQ? = 1.121 and 1925 (GeVt?), respectively.

The non-perturbative couplings between quarks — ofteeddtie “higher twist” effects — introduce@-dependence
to the structure functions, in addition to the perturba@@D evolution. The higher twist effects on thgterm was
estimated using neutrino dataj and are found to shift the asymmetry ly0.70 ppm and+1.2 ppm for the lower
and the higheQ?. The higher twist effects oRY were estimated in Refl1[] and the effect on the asymmetry is
< 0.2 ppm forQ? = 1.121 but is as large as®ppm forQ? = 1.925 (GeVt?).

Our result aQ? = 1.121 (GeV£2) will set an upper limit on th€?-dependence of the hadronic correction. Assum-
ing the Standard Model value f@iq and no corrections from hadronic effects, we will extraetvalue of £, —Cyq
from theQ? = 1.925 (GeVt?) asymmetry results. The current statistical uncertaifitpe asymmetry indicates that
we will improve this coupling combination by a factor of five $ix compared to the current PDG valugl]. We
expect to finalize the analysis and publish these resultimiihe next year.
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3.16 E08-014 x> 2

Thex > 2 experiment

J. Arrington, D. Day, D. Higinbotham and P. Solvignon, sEpersons,
and
the Hall A Collaboration.
contributed by P. Solvignon and Zhihong Ye.

3.16.1 Motivations

The shell model has been partially successful in descritniagy features of nuclei such as the structure and energies
of the nuclear excited states. However, about 30-40% of ticéennic strength predicted by the shell model to be in
shells below the Fermi level is not seen in the experimerat fl]. This missing strength is thought to be due to the
nucleon-nucleon (NN) interaction at short distances aadahbt that the close packing of nucleons in nuclei results in
a significant probability of overlapping nucleon wavefuons. These overlapping nucleons belong to a short range
correlated cluster and exhibit high momenta, well above=greni momentum in the nucleus||

Short-range correlations (SRC) are now well accepted ay &nkeedient in the formulation of realistic nuclear
wave functions. This means that the experimental chaiaatem of SRC is crucial to the development of accu-
rate nuclear structure calculations. Recent results froat &xperiment E01-0153] confirmed the overwhelming
dominance of the proton-neutron pairs in two-nucleon SRi®& amplitude and properties of SRCs have important
implications not only for the structure of the neutron stand their cooling process but also in the search for neutrino
oscillation.

However, two-nucleon knockout experiments are susceptihbkeveral effects large enough to impact the quan-
titative conclusions that can be drawn from them. One ingodraspect is isospin sensitivity. Although inclusive
scattering is typically isospin-blind, isospin senstiiyialso called “tensor dominance”, can be identified thfoag
careful choice of complementary targets. Isospin-inddpahand isospin-dependent models predict 25% differences
in the cross-section ratios of the two medium-weight nyd&Ca and*°Ca. This experiment complements two-
nucleon knockout experiments, for which other physicakpeses make it difficult to extract a model-independent
and precise quantitative measure of the isospin asymmetry.

At x> 2, the cross-sections from nuclei heavier than deuteriereapected to be dominated by three-nucleon
short-range correlations (3N-SRCs). Results from Hall @eeixnent E02-0194] show a discrepancy with the CLAS
results p] in the x > 2 region, while being in very good agreement the 2N-SRC re¢éee Fig56). E02-019 is
at higherQ? than CLAS, and this is consistent with the hint of possi®fedependence in the CLAS results (see
figure 3 of the original proposab]). These new data and observations make our measuremesivden the effort
to map precisely the 3N-SRC region and resolve this new ids0@-014 will also be the first measurement of isospin
dependence of 3N-SRC.

3.16.2 Analysis status

JLab experiment E08-014 ran in April-May 2011. This expenitnaims at mapping the 2N and 3N-SRC scaling
behaviors. It should also provide the first test of the SREpsodependence in inclusive electron-nucleus scattering
by using two Calcium isotopes. This experiment used thedstahHall A spectrometer configurations for electron
detection.

The data analysis is well underway. All detectors performexy well all along the experiment and calibrations
(detectors, beamline elements, optics) are considereel aithis point.
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Figure 56: Preliminary results from Hall C experiment EAB(/]

e The optics calibration required extra work for the right HR& to RQ3-mismatching. It was discovered during
experiment E08-008, which ran in February 2011, that thiet tigird quadrupole power supply could not reach
a current higher than 1100A. E08-008 performed the rightemalibration with a momentum offset for RQ3.
It was decided to use the same momentum offset and therbf®eame optics calibration data. Figbieshows
the sieve and multi-foils distributions before and aftditration for the right HRS, and only after calibration
for the left HRS.

e The VDC tracking efficiency for one-track events in both HRSsbove 99% after selecting events with number
of hits between 5 and 7.

e For some kinematics the background rates (mostly pionsg \wesjected to be an order of magnitude higher
than our physics rates. Therefore the main trigger on botB¢HiRcludes the “Cerenkov trigger” requirement.
The triggers configuration during E08-014 was as follows:

— main trigger: SIAND S2AND cerenkov,
— second trigger: (SOR S2)AND cerenkov,
— third trigger: S1IAND S2.

The main, second and third triggers are assigned the laliel$Zand T6 respectively for the right HRS and
T3, T4 and T7 respectively for the left HRS. The trigger statbr efficiency is then evaluated using:

e PSL(3) * Nry(3) + PB(7) * Nrg(7)
M ps1(3) x Nry(3) + pB(7) * Nrg(7) + P2(4) * Nroa)

wherepdi] is the prescale factor ardr; the number of event triggers. It was found to be better thaB%8
for the right HRS and better than 99.80% for the left HRS.

(30)

e The study of the performance of the Cerenkov detectors megjtine use of the third trigger. The detection
efficiency is 99.95% for the right HRS cerenkov and 99.77%ilferleft one. The lower efficiency of the left
HRS cerenkov is due to the shorter tank.

e The calorimeters of both spectrometers are also calibeestiown on Figh8 and the resolution is 4.6%(right)
and 5.1%(left) for momenta between 2.5 and 3.1 GeV/c.

e The combination of cuts on Cerenkov and calorimeter digtidins allows a total pion rejection better than 250:1
(700:1) while keeping 99.86% (99.58%) of the “good elec$fdn the right (left) HRS.
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Figure 57: HRS optics calibration. Right HRS with RQ3-misohéng before (top plots) and after (middle plots)
calibration. Left HRS after calibration (bottom plots).

At present, efforts are focusing on the target analysis #ésw@n the acceptance/bin centering correction, which
are progressing very well. TH#l, 3He and*He target density will be extracted from the “boiling studfhe online
analysis shows a density decrease of 18%, 24% and 22% fEHII@ 45.4), *He (@ 12QA) and*He (@ 95A
targets respectively, while the rate dependence, measuaredrbon up to 984, is less than 1%. These numbers were
used to adjust the data taking time at each kinematics.

Preliminary SRC ratios are expected to be released durimm&u 2012. Figur&9 shows the statistical quality of
the isospin study, i.e. taking the cross-section ratid®6a and*°Ca. Due to miscommunication between JLab and
Oak Ridge National Lab (ORNL), only tiffCa foil was made at ORNL. Therefore JLab target group usedtaat
40Ca to make the foil needed for the experiment. With the eqaiptravailable at JLab, it was not possible to obtain
a*%Ca foil as uniform as thé&%Ca foil made at ORNL. During E08-014, data were taken to ladke thickness and
uniformity of the foils. Even though the systematic uncietiaof the isospin ratio is anticipated to be higher than
previously estimated in the proposal.
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3.17 [E08-027 g5

A. Camsonne, J.P. Chen, D. Crabb, K. Slifer, spokespersons,
and
the Hall A Collaboration.
contributed by K. Slifer

3.17.1 Introduction

The inclusive scattering spin structure functions (S&Fndg, are fundamental spin observables which characterize
the deviation of the nucleon’s spin-dependent propernt@s point-like behavior. Their measurement provides intsig
into QCD via tests of sum rule predictions, chiral pertuidra{xPT) and lattice gauge theory calculations, and insight
into higher twists and the nature of confinement. Receritlyas also become apparent that poor knowledge of the
SSFs (which are purely QCD quantities) at |Q# limits the precision of QED calculations of simple boundtsyss,
such as the hydrogen-like atom P]. Energy levels in these systems can be measured to exiréigél precision, so
the corresponding QED calculations have been pushed tebere the finite size of the nucleon, as characterized
by the structure functions and elastic form factors (FFy bacome a leading uncertainty. Of particular interest,
researchers from PSP have obtained a value for the proton charge radRyy via measurements of the Lamb shift
in muonic hydrogen, which differs significantly from the walfrom elastic electron proton scattering. The deviation i
(Rp) would have many troubling consequences, such as requisizghble shift in the fundamental Rydberg constant,
so all aspects of the PSI calculations are being re-examiftegimain uncertainties in the PSI results originate froen th
proton polarizability and from different values of the Zerhaadius. These quantities are determined from integfals o
the SSF and elastic form factors, which due to kinematic ltigig, are dominated by the 0@ region. It is prudent

to question whether these uncertainties are underestir,mitmegg is largely unmeasured, argg data extends only
down toQ? ~ 0.05 Ge\2. The Zemach radius, is similarly dominated by the @& behavior of the proton elastic
form factorsGeg andGy.

The existing data has also revealed a striking discrepaijof PT calculations with the longitudinal-transverse
polarizability 8';. This is surprising sincé 1 was expected to be a good testing ground for the chiral dycsaofi
QCD [4, 5] due to it's relative insensitivity to resonance contribns. Measurement agfz’ at low Q? will give access
to 81 and allow an isospin examination of th& + puzzle’.

3.17.2 The Experiment

E08-027 installation in Hall A is in progress. We will penforan inclusive measurement at forward angle of the
proton spin-dependent cross sections in order to detenhmgg structure function and the longitudinal-transverse

spin polarizabilityd T in the resonance region for@® < Q? < 0.20 Ge\2. To reach the lowest possible momentum

transfer, a pair of room temperature septa magnets haveibhstatied to allow detection of scattered electrons at
5.69. The Dynamical Nuclear Polarization (DNP) proton targdiesg prepared in the EEL large bay. The target’s

superconducting magnet coil was damaged during testingpteghber, and is in the process of being replaced with
a similar coil package from the Hall B polarized target. Repare on schedule to be completed before the holiday
break, which will allow target installation in the Hall todje in early January.

We expect the experiment to be ready for production in earlyid February. This late start permits complete
running of five planned configurations, but jeopardizes tlemped kinematics at larg@? (See Fig.60). These two
bands required a disproportionately large number of caleddys due to the drop in rates as the scattering angle
increases, and the transition time needed to remove tha ssajnets. As shown in Fi§2, this impacts only the
largestQ? bin of E08-027. The lowQ? portion remains. This represents a large fraction of thergd kinematics,
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Figure 61: E08-027 installation in Hall A.

and covers the region which most heavily impacts the protarjzability, the HF splitting, and the proton charge
radius uncertainty.

The lower panel of Fig60 shows the expected coverage for the run starting at Feb. d4@mtinuing to the
planned Hall A stoppage at May 11. With the Hall B coil package anticipate a drop in the target’s figure of
merit compared to the previous configuration. This is duénéogmaller uniform field region, which will require a
reduction of the target length. The projected results in Eijassumes 75 calendar days, which are now available
since we will not require a lengthy transition time to remélve septa magnets. Additional commissioning days will
be performed in December and February. The December coimmiisg will focus on the new beamline diagnostics,
Moller polarimeter, HRS detector stack, nelf arm detector, and all associated data acquisition syst&veswill
commission the chicane and local dump when the polarizegt&ias been installed.

E08-027 complements two other related experiments : EG4hwhill measure the protog, structure function,
and E08-007 which will measure the proton form factor r&#e/Gy in the same kinematic region as E08-027.
Because of the similarities in technique and equipmen&@8027 and E08-007 collaborations are highly cooperative
and the two experiments will run simultaneously. E08-00IT focus on elastic scattering, while E08-027 measures
the inelastic data. Together, these experiments will pi@¥he definitive measurement of proton’s spin-dependent
structure at lowQ?.

To help reduce the impact of the losses at la@ewe are using a portion of the previously planned ‘transitio
days’ to extend the 2.2 GeV energy coverage to larger invarieassW (black and yellow bands in Fig0), and
will spend additional time in the elastic/Q.E. region. THata will be useful to help constrain i@ interpolation,
and provide an independent check of the product of beam agdttpolarizations via measurement of the elastic
asymmetry. Itis also necessary for E08-007 in order to carsgte for the loss of sensitivity B /Gy in the allowed
target orientations.

3.17.3 Recent Progress

E08-027 has 6 full time Ph.D. students onsiteBadman (UNH), M. Cummings (W&M), C. Gu (UVa), M. Huang
(Duke), P. Zhu (USCT), andR. Zielinski (UNH). An additional student). Chen (UVa), is splitting his Ph.D. work
between E08-027 and a 12 GeV project. Four post-docs areingodan E08-027:K. Allada (JLab), J. Maxwell
(UNH), V. Sulkosky (MIT ), andJ. Zhang (JLab). There is also additional significant contributions fromdgnts
and post-docs of the E08-007 collaboration.

Installation in the hall is nearly complete. The beamline been modified with two large FZ magnets to provide

86



L Bernard et al. (WM+A) i
— Bernard et al.
3 |-~ Kaoetal O(p +p) N
— MAID

= HOB-027 Projected

d point

Jeopardize
|

0.01 0.1
Q (GeV?)

Figure 62: E08-027 projection for the LT polarizability sting the data point a®? = 0.32 that will be lost.

upstream chicaning of the beam prior to encountering tharjzeld target magnetic field. Two new super-harps and
two new M15 antennae style BPMs have been installed to effialbleharacterization of the low current-(L00 nA)
beam as it is transported thru the chicane. New software lactt@nic needed to operate the precise 4 channel BPM
readouts are being completed and are expected ready byryaRoathe December commissioning, the new BPMs
will be readout using the existing SEE electronics and sarfitw The Happex DAQ will be used to readout the BPMs
and BCMs, to provide significantly lower noise during openatat low current. A low current tungsten calorimeter
has been installed upstream. It is operational and readgofimmissioning. The large target cup diameterZ cm)
required the installation of a new slow raster, which is aésaly for commissioning. Collaboration students have been
trained in the operation of both devices.

The room temperature septum is on the target pivot, fully gred, and ready for testing in early December to
determine the hysteresis curve and resolve its maximumatipeal field. A third arm detector to independently
monitor the product of beam and target polarizations has lbesigned and installed on beam left at an angle of
approximately 70. This device will serve as a cross-check of the primary poleiry provided by the target NMR
and beam Moller measurements. A full simulation of the neanhiene, polarized target and septa has been included in
the Hall A Geant4 simulation. SNAKE modeling of the passagh@beam through the Septum field and spectrometer
has also been completed.

Target installation has begun in the hall, with constructed a new bunker for electronics racks and control
computers. The target will rest on the new two level targatfpim shown if Fig.61. Besides the onsite target
preparations, the UVa group recently lead two target metaradiations at NIST, in Gaithersburg MD. Another is
planned for January 2012. This is necessary to prepare theoaa samples with paramagnetic centers needed for
the DNP process. There was also a target cooldown at UVa téhe®peration of the polarizing apparatus at the
non-standard configuration (2.5 T/70 GHz) planned for aipof E08-027. Another cooldown will occur before the
end of the year to test the new material from NIST and to finjstmgization of the 2.5T configuration.

In January, there will be a review to evaluate the readinEf®eaxperiment to move safely into production mode.
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3.18 E12-10-009 - APEX

An Electron Fixed-Target Experiment to Search for
a New Vector Boso#\' Decaying toe™ e~

Rouven Essig, Philip Schuster, Natalia Toro, Bogdan Whitea/ski
and the Hall A Collaboration.

3.18.1 Introduction

The development of the Standard Model of particle inteomstis the culmination of a century of searches and analyses
with fixed-target and colliding beam experiments. The Saadd/lodel describes all known matter, and its interactions
through the strong, weak, and electromagnetic forces rnestitay vector bosons of the Standard Model. New forces
beyond the Standard Model could have escaped detectionfdhlgir mediators are either heavier th@iTeV) or
quite weakly coupled. The latter possibility can arise tigto a simple and generic mechanism proposed by Holdom
[1], in which a new vector particlnﬁ,\;l (the dark photon mixes via quantum loops with the Standard Model photon.
This mixing, with a typical strength ~ 102 — 10, in turn induces a minute charge for ordinary matter under th
new force, so that the dark photons coupling to matter islemilan that of the photon hy' /a = €2. In this context,
MeV-GeV masses for th& are both well-motivated and weakly constrained, with lanaitee < 0.3 x 10~2e for most

A masses between 10 MeV and 1 GeV.

Fixed-target experiments with high-intensity electroafns and existing precision spectrometers are ideallydsuite
to explore sub-GeV forces by probing reactions in which a Wéwector particle is produced by radiation off an
electron beamZ, 3]. The A’ can decay to an electron and positron pair and appears ascavnasonance of small
magnitude in the invariant mass spectrum. 4 geveral fixed-target experimental strategies weremedlito search
for new sub-GeV vector interactions.

The C12-10-009 experiment is a concrete plan foAasearch using the CEBAF accelerator and the High Res-
olution Spectrometers (HRS) in Hall AJ. This experiment, thé&’ ExperimenfAPEX), can probe charged patrticle
couplings with new forces as small ax30“e and masses between 65 MeV and 525 MeV — an improvement by
two orders of magnitude in cross section sensitivity ovespnt limits across most of this mass range.

Fixed-target experiments of this form are particularlyelynin light of a series of recent anomalies from terrestrial
balloon-borne, and satellite experiments that suggestin& matter interacts with Standard Model particles. Much
of this data hints that dark matter is directly charged uraleew force mediated by aff and not described by
the Standard Model. Theoretical as well as phenomenolbgiqgectations suggest ad massmy < 1GeV and
e <10 %

Expected reach and impact APEX will be sensitive to new gauge bosons with couplingsmalsase? = o’ /a ~
9x 108 and masses in the range 6%525MeV (herex (a’) is the coupling of the photor() to electrically charged
matter). This is about a factor 0of-310 times lower ire than existing constraints (several of which also rely ofan
coupling also to muons), and corresponds-td0— 100 times smaller cross-sections.

The precise mass range probed by this type of experiment eared by changing the spectrometer angular
settings and/or the beam energies, see the APEX plan indguil he parameter range probed by APEX is interesting
for several reasons. This region of mass and coupling is atibip with A”’s explaining the annual modulation signall
seen by the dark matter direct detection experiment DAMBRA, and also with dark matter annihilating intds,
which explains a myriad of recent cosmic-ray and other pbtysical anomalies. In addition, and independently of
any connection to dark matter, the APEX experiment wouldhieefirst to probeA's of mass> 50 MeV with gauge
kinetic mixing significantly belowe ~ 102, the range most compatible if the Standard Model hyperehgeyge
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force is part of a Grand Unified Theory.

The importance for fundamental physics of precision seagcfor new forces near the GeV scale cannot be
overstated.

Concept Inthe APEX experiment, we are interested in collecting asyriaieet e~ coincidence events as possible,
since thed’ is expected to decay ®" e~ pairs. A large background of such true coincidence evergzpected also
from Standard Model QED Bethe-Heitler and radiative tridemcesses, but th& would appear as a narrow spike
on top of this large Standard Model background. A furthekigacund is the accidental"e™ coincidences that come
from two distinct scattering events, in which an electroattgs into the L-HRS from one event, while a positron
scatters into the R-HRS in a second event within the timingdew of the trigger. Lastly, there are both true and
accidentale 1" coincidence events. Rejection of these two backgroundsyigktheA’ search and is achieved by
means of a short trigger timing window and good particle fdieation (PID).

The other crucial factor in determining the sensitivitylubtexperiment is the optics, which determines the ultimate
mass resolution of the experiment. Since we are looking f@areow spike on top of a large, smooth QED background,
excellent mass resolution is essential to achieve the lossile sensitivity to a@'. In the APEX experiment it is
crucial to take into account the above considerations.

Figure 64 shows the layout of the APEX experiment. The central momehtae both spectrometers are set to
half of the beam energy. At such a setting the background eeminimized. The same time mostAfevents will
be detected in spite of small momentum bite of the HRSs.

Our coincidence triggeiis defined as a signal in the S2m of both the left H&R®l the right HRS,and a signal
in the Gas Cherenkov counters of the right HRS. The coinciéérigger based on these three signals allows us to
collect true coincidence events with high efficiency andeptable DAQ dead time. Such events are candidates for
true coincidene’ e signal events.

The design of the target for the APEX experiment shown in @b has a number of interesting ideas including
a concept of narrow ribbons, a tension mechanism, and aéghand calibration target sets.
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Figure 64: The layout of the APEX experimental setup.

Figure 65: The components of the target for the APEX expartme

3.18.2 Test Run Results and Future Plans

A test run was recommended by PAC35, and realized after tlieXRRperiment in June 2010. The primary purpose
of the test-run was to demonstrate the detector performagoessary for a full APEX run, including:

1. Demonstrate that the gas Cherenkov counters can be dsetively in a coincidence trigger to reduce the pion
accidental trigger rate, even at high count rates (a suficieline rejection of 130 was achieved)

2. Measure the importance of different contributions tokigasund and their agreement with simulation (all QED
backgrounds agreed within 10-20% uncertainties; piondpacind rates were lower than the WISER expecta-
tion by a factor of 6 at 2 GeV).

3. Prove that a successful 20 ns triple-coincidence tri¢g@rS0-C) can be achieved.

4. Prove that the vertical drift chambers (VDCs) can opesagerate higher than 20 kHz/wire (performance was
sufficient up to the anticipated 6 MHz singles rate; effasteetduce inefficiencies at these high rates are ongoing)
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Figure 66: Upper panel: The invariant mass spectrure™@" pair events in the final event sample (black points,
with error bars), accidenta™ e~ coincidence events (blue short-dash line), and the QEDulzdion of the trident
background added to the accidental event sample (red lasly-ihe). Lower panel: the bin-by-bin residuals with
respect to a 10-parameter fit to the global distribution i{fostration only, not used in the analysis).

The detectors were tested in all the extreme conditionsaegeluring the APEX production run. Further results
on these topics were presented at Aieboson workshop] at JLab in September 2010. The observed detector
performance was found to be in compliance with the APEX negoénts.

In addition, a science dataset of 700,000 Q& events (Fig.66) was obtained during the test run. These
allowed anA’ search over the mass range from 175 to 250 MeV, which in therddalf of the mass range exceeds

all other experiments’ sensitivity by an order of magnitliffe As no signal was seen, an upper limit afya was
obtained, shown in Figur&?.
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Figure 67: The 90% confidence upper limit@fya versusA’ mass for the APEX test run (solid blue). Also shown are
existing 90% confidence level limits from the muon anomalmagnetic momerw, (fine hatched) ], KLOE (solid
gray) [2], the result reported by Mainz (solid green},[and an estimate using a BaBar result (wide hatchad), [L0].
Between the red line and fine hatched region,Ahean explain the observed discrepancy between the caldudat
measured muon anomalous magnetic moménaf 90% confidence level. The full APEX experiment will rolgh
cover the entire area of the plot.
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