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Physics at the University of Richmond

1. Richmond is a small (2,800 undergraduates), primarily
undergraduate, liberal arts institution; no grad programs in Physics.

2. The Physics Department consists of seven tenure-line faculty, one
Instructor, one laboratory manager, and an administrative assistant.

3. One other faculty member is in low-energy
nuclear structure physics (Con Beausang).

4. The Department graduates 10-14 physics
majors per year.

5. Our focus is on the program in Hall B at Jef-
ferson Lab (CLAS6/CLAS12).

6. Richmond is 75 miles from JLab.

7. Partnership with the University of Surrey in
the U.K. - masters students spend a re-
search year at JLab with support from DOE.  gichmond students at JLab
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Scientific Motivation

® Hadron Structure and Its Emergence from QCD

A new frontier: “understanding precisely how quarks and gluons
are assembled”- NSAC Long-Range Plan.

® Few-body physics and the transition from the hadronic model to the
guark-gluon picture.

“Can few-body systems be understood in terms of a standard model
for nuclear physics.” - JLab PAC Few-Body Workshop.

® Computing and Software for CLAS12 and the 12 GeV Upgrade.

“It Is the desire of the laboratory to have all computing systems and
software ready, so that the time from beam on target to physics
journal articles is as short as possible.” - 2011 Review of Informa-
tion Technology for the 12 GeV Era, JLab, 2011.
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Elastic Electromagnetic

Hadron Structure - ¢, m Factors (EEFFs)

® Nucleon EEFFs map the charge and mag- ;Z_; = 0 rort (GYEL)21++T(GR’4)2 +
netization in the nucleon. T

® large JLab EEFF program after the 12 27 tan? Q—G(G}Q)Q)
GeV Upgrade. T =Q*/Mj ’
® Six experiments in the first five years.
® 224 days of running in Halls A, B, and C. §§ : :fémx .

® \What we can learn? o \ — Pt
® Early test for lattice QCD. S o . PRD 81:034507 -
® Constrain generalized parton distributions. i;;fi__ N 2010 k
® Quark decomposition. i S
® Medium modifications to form factors. . ;

0 0.2 0.4 QZ [OC.;E;VZ] 0.8 1

® Gilfoyle is spokesperson for E12-07-104
to measure the neutron magnetic form
factor G}, .

Use the ratio method on deuterium.

o

We are analyzing existing CLAS6 data to ex-
tract G", with the ratio method.
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Elastic Electromagnetic

Hadron Structure - ¢, m Factors (EEFFs)

® Nucleon EEFFs map the charge and mag- do _ O Mott ( (GE)” +7(GRy)"
netization in the nucleon. di} 1 + T
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GeV Upgrade. T =Q*/Mj
® Six experiments in the first five years.
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® Gilfoyle is spokesperson for E12-07-104
to measure the neutron magnetic form
factor G}, . o
® Use the ratio method on deuterium. | FRE 106(2%5121?03
® \We are analyzing existing CLAS6 data to ex- ¥ i E
tract G", with the ratio method.
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Quark propagation and

Hadron Structure - .
hadron formation

® Nuclear deep inelastic scattering (DIS) opens a window to observe
the nature of confinement in QCD.

°

Study space-time structure of hadron production and formation.

°

Nuclei used as spatial filters with known properties.
$» What we can learn?

2 T T T

RQ,)

Correlations between iden- !

CLAS6 EG2 run, event-mix normalization
tical particles probe the 184“ Deuterum-Green
space-time extent of hadron  *° e E

. . - ++ Lead - Black B
1.4

SOUrces, 1.e. fragmentatlon BRI D.Boer et al., arXiv:1108.1713 -
of the gluon ‘string'’. 12f %g% nuck-th] -
B 4. _
® Gilfoyle is a collaborator i M%*ﬁ%iﬁﬁgﬁ ey -
on JLab experiment E12-06- .- ﬁ ﬁﬁﬁﬁﬁﬁf

0I I I0.I2I I I0.I4I I I0.|6I I IO.I8I - :II.I I I1.I2I I I1.I4I
117. Q,, (Gevio)

dN/dQ2
R(Q12) = AN, /dQ1s Q12 = v/ —(p1 — p2)?
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Few-body physics

® A precise understanding of the transition from the hadronic
picture of nuclei to one based on QCD remains a challenge
theoretically and experimentally.

® Goal: Establish a baseline for the hadronic model to more
clearly see the transition to quark-gluon degrees of freedom.

® The deuteron is a test bench for the VN force.
® What can we learn? — =1
The helicity asymmetry for T
quasielastic “H(¢,e'p)n con- . A
nects to the imaginary part of | et Estoy
the LT interference. O 1 GOV B~ 2.5 GV, 0 0535 Gy
# Draft analysis note of CLAS6 i w0
results under internal review. Jeschonnek and Van Orden,

PRC 78:014007, 2008
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CLAS12 Computing and Software

°

The JLab 12 GeV Upgrade will double the
beam energy.

New detector in Hall B (CLAS12).

The CLAS12 luminosity will be ten times
higher than CLAS6 and we will collect
~ 5 TBytes/day.

New, modern software is essential to keep
up with the data and produce physics re-
sults in a timely manner.

The Richmond group is part of the
team developing new technologies in soft-
ware (e.g. service-oriented architecture)
and hardware (e.g. Many-Integrated-
Coprocessors (MICs) from Intel).

Enhance equipment
in existing halls

ltem Quantity
Cores 12,500

Disk 2 PByte
Tape 8 PByte

CLAS12 Computing Requirements
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Recent Progress - G,

9

The CLAS12 Gy, measurement (E12-07-104) was approved in 2007 and reassessed

by JLab PAC35 in 2010. A scientific rating of A~
was awarded with 30 days of beamtime.

Gilfoyle is a collaborator on E12-09-119 to mea-
sure G, in Hall A. PAC35 awarded this experi-
ment a BT and allocated 25 days of beamtime.

Computing preparations done for E12-07-104
(see next pages).

Target simulation developed by undergrad and
presented at 2011 DNP meeting.

The neutron magnetic form factor G, was mea-
sured with CLAS6 during the E5 running period
for three sets of running conditions.

1. Results for two sets of running conditions
published - PRL 102, (2009) 192001.

2. Third set at low Q? - reversed torus po-
larity.

3. Started analyzing this final set.

o
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== 1.1 Statistical uncertainties only 3
° 1%% ; .
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0.7 =
= ]
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Recent Progress -

Quark propagation and
hadron formation

9

o e

JLab experiment E12-06-117 is a program of measurements and analyses using DIS
to determine the mechanisms of confinement in forming systems - atomic nuclei are
used as filters to study the hadronization process.

Much work has already been done with CLAS6 data from the EG2 run period.

The original proposal was approved in 2006 and then reassessed in 2011. PAC36
awarded the proposal a scientific rating of A~ and allocated 60 days of running.

We have studied =™+ correlations in preparation for the Electron-lon Collider.
1. Studied the sensitivity of

o OSp T T T g ol L2p e e g
the 7T+ 7T+ CO rrelatlons tO 1.045— Lund Model, EIC kinematics . —f ;_A- Lund Model, EIC kinematics -
E,  R=0.93fm, ZEUS average (open circles) E lll: R=0.93 fm, ZEUS average (filled circles)
the SO u rce Size . 1.03;)_ R=0.73 fm (filled triangles) 3 108 ?’- R=0.73 fm (open triangles) _:
1.02F
L : pee 106 & .
2. Used longitudinal center- %% ﬂ_,__*f,;%-‘#’*?ﬁ, o I ;
i o T 5
of-mass system (LCMS). 0o Ty ot E Loz st
. . 0.985— -A-_A_-A-A-A- _E F -0-4 _g.'*':x::ai s 3:: N
3. Observed asignificantde- ) 9:;_ S ]
pendence on the source — osf = 1 oo meo-Tamsese ;
size 0-950"e).'z"bu'a.'e“a.'s'“'l'"1!2"'1!4“&.";('%.'8;/')2 o"afz“a.u'a_'e"b_'s""1"'1?2"'1f4"A.'F;;é.'8'V'/')2
. p (GeV/c eVi/c

D.Boer et al., arXiv:1108.1713 [nucl-th]

dN/dpL,T
dNyer/dpr T L, T - longitudinal, transverse

R(APL,T) ==
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Recent Progress -

Extracting the Fifth Struc-
ture Function of *H(¢, e'p)n

__’H( ,e’'p)n Preliminary

® The cross section for quasielastic (QE) scattering is 2 oosE 2 JE
0.06F. E=2.6 GeV <Q>=04Gev" 1
d3 :l: 0.0aE Reversed torus polarity ;
g — P
dod.dq, ~— 0 TOoLtTor+orr cos(Ppq)+ 002 S
. -0.021— —
o1t €08(2¢pq) + hol 1 sin(¢pq) 0.04 Red - VO E
-0.06;— Black - Arenhoeval —
Lo -0.08F- —
where 4+ and h = +1 refer to beam helicities. T
< Ol E=26Gev <Q% =1.0 GeV? ]
P / H / [ Normal torus polarity ]
® Construct a helicity asymmetry A’ .. to isolate o, . |, .- E
and use the sin ¢,,-dependent moments. e el
/ C ]
/ LT el . -0.05 S
LT — = (sin ¢pq)+ — (sin Ppq) — - .
o +or 0.1 o
001 0z 03 04 05 06 07
p (GeV/c)
T 4+ m
. f_w o= SIn @pqdpq B A’LT -
(sin ¢pq)+ = T otq = 5
J _ 0 dpg .
® Analysis done on CLAS6 E5 data set; same
as G, measurement. s /! — full on-shell FSI
/! == no double spin-flip FSI
. . . . central FSI only
® Analysis note submitted for internal review. o .
Q’=1GeV’. E,, = 2558 GeV, o =0.535 GeV
® Undergrad poster presented at 2012 DNP

meeting.

0

1 |
0.2 0.4‘1 0.6 0.8
P, (GeV)

JVO, PRC 78:014007, 2008
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CLAS12 Computing and

Recent Progress -
Software - 1

® Focus on projects that support the CLAS12 software effort and prepare for the
CLAS12 G}, experiment.

® CLAS12 Forward Time-of-Flight (FTOF) recon-

. . . i) =
struction now part of third generation CLAS12 re- 5 CLAS12 simulation 11 GeV
. dis V
construction framework (Clara). D10 T Gtk fied squares - panel 1a
E - Red open circles - panel 1b
1. FTOF is essential for neutron detection in G%,  £10°- E
o
Z

experiment (E12-07-104). o9 .

10 oo -

2. Clara uses service-oriented architecture.

Used in ‘stress test'. . Rl
10°¢ RETE
4. Masters thesis project for Alex Colvill from the - . %}E
10-601 1 lél 1 14{1 1 lél 1 lél 1 1101 1 lllzl 1 14

University of Surrey mentored by Gilfoyle.

® Use of Intel Many Integrated Coprocessors (MICs)
for CLAS12 reconstruction and analysis.

1. Has many parallel processors (like GPUSs), but
uses well-developed tools to write code.

2. Have written first codes on JLab machine;
comparing API’s; profiling; undergrad project.
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CLAS12 Computing and

Recent Progress -
Software - 2

® The G, experiment requires neutron detection in the elec-
tromagnetic calorimeter (EC) and the forward Time-of-Flight
system (FTOF).
® Added EC to CLAS12 simulation (gemc).
1. CLAS12 will re-use the EC from CLASG. —
2. gemc uses Geant4, factory methods.
3. Results agree with CLAS6 simulations (CLAS- | o Tesnl
NOTE 2011-019). *

4. Undergrad posters presented at 2010 and 2012
DNP meetings.

0.04 Blue - E > 1 MeV _

5000 40006000 000 10000
p, (MeV)
generation reconstruction code. 0.1 ey

® Test gemc neutron simulation in FTOF using first

[ E =11 GeV, gemc simulation
0.12-  NDE with P1B removed i
ot

1. CLAS12 will re-use the CLAS6 TOF sub-system.
2. Studied neutron detection efficiency (NDE) in CLASSG. *‘W&wm .
3. Obtained good agreement between gemc and CLAS6 & fo gt

measured NDE (CLAS-NOTE 2011-015). ,.. *+
4. Undergrad poster presented at 2010 DNP meeting. oozl Black-CLASS |

L measurement ]
*H\‘HH‘\\H‘HH‘HH‘ .

el b b
® 123456 7 8 9

p, (GeVic)

Neutron Detection Efficiency
o o
o o
[<2) o]
T
!

o

o

=
I
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Recent Progress -

CLAS12 Computing and
Software - 3

® Service-oriented architecture (SOA) for the CLAS12 software.

1.

® Software Planning
1.

Software services are pieces of code con- Gyurjyan et al., J.Phys.Conf.
taining data and/or algorithms that are weakly 331 (2011) 032013

coupled to other services. CLARA SOT performance ina caser
CLAS12 calibration and reconstruction codes .

use SOA developed in-house called Clara. o /
Primary test bench for development of Clara é EAREEE
has been the Richmond Physics cluster ob- ::i /

tained with an NSF MRI grant. OZ; 'S

FTOF reconstruction service (Colvill). 012345578800

Number of Nodes |

Undergrad poster presented at 2010 DNP

. CLAS12 - Software Docume
meetlng . Hall B 12 GeV Upgrade
May 2
7/ ; A

Gilfoyle presented CLAS12 software overview
at internal JLab review (May, 2011).

Estimated CLAS12 computing requirements
for external software review (June, 2012).
Organized CLAS12 software workshop in 2010 at the University of Richmond.
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Future Plans (next 1-2 years)

® Hadron Structure

1. Preparations for G, .

(a) Target design.

(b) Update event simulations of calibration, quasielastic, and inelastic reactions.
2. E5 G, analysis

(@) Shares many features of the upcoming G, experiment

(b) Extract and compare neutron/proton detection efficiency with overlapping
normal and reversed torus polarity data sets at 2.6 GeV.

(c) Fermi correction, ... (see PRL, 102, (2009) 192001 and J. D. Lachniet, Ph.D.
thesis, Carnegie-Mellon University, (2005)).

® CLAS12 software.
1. Study clustering within and between FTOF panels, effect of missing information
(e.g. PMT signal on one side).

2. Study reconstruction of other particles including neutrons (relevant to G},
experiment), effects of magnetic field on charged particle signals.

3. Write reconstruction code for TOF in CLAS12 Central Detector.

® Few-Body Physics - complete analysis note on fifth structure function.
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Funding and Facilities

1. DOE  Nuclear FY10 | FY1l | Fy12 | Fy13*
;:)ézczsofgép;)r;t Salaries, Wages, Fringe Benefits | $25 | $26 | $27 $51
Travel $6 $6 $3 $9
Other Direct Costs $2 $2 $2 $2
Total Direct Costs $33 | $34 | $32 $69
Indirect Costs $13 | $14 | %14 $20
Total Budget $46 | $48 | $46 $89

2. National Science Foundation Major Research Instrumentation (MRI) support.

(a) 32, dual 6-core Westmere nodes, 6.2 TByte of space, $162K (2009-2011).
(b) Development platform for Clara.

3. SURA/JSA Sabbatical support (2009-2010).
4. University of Richmond support.
(a) Routine travel to JLab, faculty and student travel to conferences - ~$7,000/year.

(b) Student summer stipends - $4,500/student-year for 1-2 students.

(c) Commitment to maintain the computational power of the Physics cluster.
* Includes supplemental funds for joint Richmond/Surrey masters student.
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Additional Slides




Recent Progress - Extracting G7, -1

® FE12-07-104in Hall B (Gilfoyle, Hafidi, Brooks).
9

Ratio Method on Deuterium (*H(e, ¢’p)n and
2H(e, e’n)p) in quasielastic (QE) kinematics:

QQ
R _ a6lH(ecn)on] T T Az
dQ Z[2H(e,e p)QE]
GT (G7, )2
UMOtt<( ) 1_:_,5 ) +27 tan2 66 (G )2>
= ax
42 [LH(e,e’)p]
where a is nuclear correction. L1 ' ' | ' ' =
== F Anticipated 3
® Extends CLAS6 measurement (PRL = 11° ﬂ Statistical uncertainties only
C T ol f <§ =
102, 192001 (2009)). Lty ﬁ;__ re -
_ _ . 0.9t LI B -
® Precise neutron detection efficiency 0.6F. e— * E
needed to keep systematics low. 0E E
T E I B B -
£ tagged neUtronS from p(€7 elﬂ-_‘_n)' 0'6? Red - J.Lachniet et al. E
— G - i Id —
® Dual LDy — LHo target for in situ O'5g B.;eci':. Cﬁ_félf;zxggi;a}tggta | | | o
calibrations. 04 2 4 6 g8 10 12 14

Q*(GeV?)

® 30 days of beam; Q2 = 3.5 — 13.0 (GeV /c)?.
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Recent Progress - Extracting G7, - 2

® Challenge: Separate QE events from high-Q?, inelastic background.
1. 6,4 cut: QE neutrons/protons emitted in a narrow cone along q.
2. Hermiticity cut: N0 additional particles in the event.

Effect of 0,4
and hermiticity
cuts.

Worst-case
(high-Q?) sim-
ulation.

AAALS RAAAE LAY RALRE RAARE RARRE RARRE RARRE R AAARE DAY RAREE RARRE RARAN LARRE RS RARAS RS I AL AR RS RARAE RARAE MR AL RARAE RARAY
" I E=11GeV ~ 1 I E=11GeV " I E=11GeV ]
2160001 2H(e e'n)X - -] = L2 , q = 2 ) ]
5 F ' ] 1 5 2500 “H(e,e'n)X o] 4 5 2500 “H(e,e'm)X -
Sa000F Red - QF F L 4 8 f - S | ]
F Green - Inelastic  r S r L] r ]
12000 Black - total O - 2000 - 2000~ -
r r ] - E B,y < 1.5°

10000 - C r o ]
: rr ] 1500k 15001 Herm|t|0|2ty cut ON -
8000~ - L H Same Q .
r rr ] C Bpq < 1.5° ] C ]
6000 E 1000: Hermiticity OFF 1000:_ p
4000F - r ] C ]
r 2 _ " 2 500[ ] 500~ ]

2000F —’_’_,.r"r Q°=12.5-14.0 GeV = - 5 L
O:U—u-— ol by B Laa o Liaay 0_ m 0' R t 5
21705 0 05 1 15 2 25 3 35 05 0 05 1 15 2 25 3 35 )1 05 0 05 1 15 2 25 3 35

W2 (GeV?) W2 (GeV?)

W2 (GeV?)

® Internal cbhéiStency check for e — n: electromagnetic calorimeter and time-of-flight
separately measure neutrons.

® Simultaneous, in situ calibrations with dual hydrogen-deuterium target.
#® Use H(e,e'7n) to produce tagged neutrons.

® Elastic scattering off hydrogen target for tagged protons.

Goal is 3% systematic uncertainties and
smaller statistical ones.
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Summary of prominent refereed papers

® H. Egiyan et al. CLAS Collaboration, “Upper limits for the photoproduction cross
section for the ®~~(1860) pentaquark state off the deuteron”, Phys. Rev. C85 (2012)
015205.
Searched for the &~ ~(1860) pentaquark in photoproduction on the deuteron in the
=~ decay channel using CLAS. The invariant-mass spectrum of the =~ 7~ system
does not indicate any statistically significant enhancement.

® V. Gyurjyan, D. Abbott, J. Carbonneau, G. Gilfoyle, D. Heddle, G. Heyes, S. Paul, C.
Timmer, D. Weygand, E. Wolin, “CLARA: A contemporary approach to physics data
processing”, J. Phys. Conf. Ser. 331 (2011) 032013.

CLARA is the CLAS12 physics data processing application development framework
based on a service oriented architecture. The framework uses weakly coupled
software services to improve maintenance, scalability and quality of physics data
analysis.

® A Daniel et al. CLAS Collaboration, “Measurement of the nuclear multiplicity ratio for
K? hadronization at CLAS”, Phys.Lett. B706 (2011) 26-31.
For the first time the multiplicity ratios for K2 have been extracted using semi-inclusive
deep inelastic scattering with detection of the K2 using CLAS with a 5.0-GeV electron
beam incident on deuterium and nuclear targets. A variety of models can explain these
data which are consistent with measurements (at different kinematics) at HERMES.
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Undergraduate research assistants since 2010.

year | name funding source | year | name funding source
2013 | Murray UR 2012 | Murray DOE
2013 | Sherman DOE 2012 | Sherman UR

2013 | Ruger DOE 2012 | Bialt DOE
2011 | Moog DOE 2010 | Moog UR

2011 | Sherman* volunteer 2010 | Musalo DOE
2011 | Carbonneau UR+DOE 2010 | Carbonneau DOE
2011 | Musalo UR 2010 | Barker DOE

2010 | Sherman* volunteer

* - high school student

Some facts:

- Eight students, four have graduated.
- Two now in PhD programs in nuclear physics (Moog - UNC, Barker - ODU).
- One (Carbonneau) is a programmer at NASA Langley.
- One (Musalo) is a health care analyst.
- Six poster presentations at fall DNP meeting; three more coming this fall.

- No grad students in Physics at Richmond.
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Student DNP Posters since 2010

1. L.Murray and G.P.Gilfoyle, “Extracting the Fifth Structure Function of the 2H(e,e’p)n
Reaction”, Bull. Am. Phys. Soc., Fall DNP Meeting, EA.00114 (2012), poster.

2. K.Sherman and G.P.Gilfoyle, “Simulation of the Scintillator Geometry in the
Electromagnetic Calorimeter in the CLAS12 Detector”, Bull. Am. Phys. Soc., Fall DNP
Meeting, EA.00115 (2012), poster.

3. C. Musalo, and G.P.Gilfoyle, “Simulation of the CLAS12 dual hydrogen-deuterium
target”, Bull. Am. Phys. Soc., Fall DNP Meeting, EA.00102 (2011).

4. M.Moog, J.Carbonneau, and G.P.Gilfoyle, “Simulating the Neutron Detection of the
CLAS12 Detector”, Bull. Am. Phys. Soc., Fall DNP Meeting, EA.00073 (2010).

5. C. Musalo, J.Carbonneau, and G.P.Gilfoyle, “Simulation of the CLAS12 Forward
Electromagnetic Calorimeter”, Bull. Am. Phys. Soc., Fall DNP Meeting, EA.00077
(2010).

6. J.Carbonneau and G.P.Gilfoyle, “Development of a Computing Cluster At the University
of Richmond”, Bull. Am. Phys. Soc., Fall DNP Meeting, EA.00018 (2010).
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Invited talks since 2010

10.

11.

12.

13.

“Hunting for Quarks” presented at UVa, Jan 20, 2012.
“Putting the Genie Back in the Bottle: The Science of Nuclear Non-Proliferation” presented at UVa, Jan 20, 2012.

“Future Measurements of Elastic Electromagnetic Form Factors at Jefferson Lab” presented at PINAN11 in Marrakech,
Morocco September 26, 2011.

“Putting the Genie Back in the Bottle: The Science of Nuclear Non-Proliferation” presented at Jefferson Lab, June 29, 2011.

Presentation for the CLAS12 Software Group on the CLAS12 Information Technology Readiness Review, Jefferson Lab,
May 20, 2011.

“Putting the Genie Back in the Bottle: The Science of Nuclear Non-Proliferation” presented at the University of Richmond,
April 13, 2011.

“Putting the Genie Back in the Bottle: The Science of Nuclear Non-Proliferation” presented at Catholic University, April 6,
2011.

Combined research introduction on nuclear physics, non-proliferation, and science careers presented at the University of
Richmond, Nov. 10, 2010.

“Bose-Einstein Correlations at the Electron-lon Collider”, Institute for Nuclear Theory, University of Washington, Seattle,
Washington, October 12, 2010.

“Few Body Physics with CLAS” presented at the 21st European Conference on Few-Body Problems in Physics, Salamanca,
Spain, Aug 30, 2010.

“Measuring the Magnetic Form Factor of the Neutron in CLAS12” presented at the Workshop on Exclusive Reactions at
High Momentum Transfer, Jefferson Lab, May 19, 2010.

“Putting the Genie Back in the Bottle: The Science of Nuclear Non-Proliferation” presented at the Joint Meeting of the New
England Section and the New York State Section of the American Physical Society, Modern Nuclear Applications, Union
College, April 24, 2010.

“Update for E12-07-104: Measurement of the Neutron Magnetic Form Factor at High Q2 Using the Ratio Method on
Deuterium”, presented at Jefferson Laboratory PAC35, January, 2010.
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CLAS12 Run Groups

Proposal Physics Contact Rating Days Group New equipment Energy Graup Targed

E12-06-108 Hard exclusive eleciro-production of n%, n P. Stoler B 80 _RICH liguid

E1206-112 Proton’s quark dynamics in SIDIS pion production H. Avakian A 6 ﬁmm tagger e

E12.06-119 Desply Virtual Compton Scattering F. Sabatie A 80 ¢ gsl;:ﬁ :

E12-09-103 Excitation of nucleon resonances at high Q° R. Gothe B+ 40 119 11

E11-005 Hadron spectroscopy with forward tagger M. Battaglieri A- 118

PR12-11-103 DVMP of p,w, @ M. Guidal D

E12-07-104 Neutron magnetic form factor G. Gilfoyle A- 30 Neutron detector liguid
RICH D, target

PR12-11-108(a) | Dihadron DIS production Avakian D a0 ic 11 RGB

F12409-007a Study of partonc distributions in SIDIS kaon producton | K. Hafidi A 56 K. Hafidi

E12-09-008 Boer-Mulders asymmetry in K SIDIS w/ H and D targets M. Conialbrige A- TBA

11003 DVCS on neutron target S. Niccolai A a0

E12-06-109 Longitudinal Spin Siructure of the Nuclean S. Kuhn A 80 Polarized target NH,

E12:06- 119(b) DVCS on longitudinally polarized proton target F. Sabatie A 120 fch NDs

E1207-107 Spin-Orbit Correl. with Longitudinally polarized target H. Avakian A- 103 170 H Sﬁ‘f;gn

PR12-11-109 (b} Dihadron siudies on long. polarized target H. Avakian D

E12-09-007(b) Study of partonic distributions using 3IDIS K production K. Hafidi A- 110

E1209-009 Spin-Orbit correlations in K production w! pol. targets H. Avakian B+ 103

E12-06-106 Color transparency in exclusive vector meson production K. Hafidi B+ 60 60 1 RG-D Nuclear

E12-06-117 Quark propagation and hadron formation W. Brooks A- 60 60 1 RGE Nuclear

E12-10-102 Free Neutron struciure at large x S. Bueliman A 40 40 Radial TPC 1" RGF GasD,

PR12-11-109 SIDIS on transverse polarized target M. Contalbrigo Cc2 Transverse target 1" RG-G HD

TOTAL run time [ 1231 539
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