2. Proposal Margin and Spacing Requirements 

The proposal must be clear, readily legible, and conform to the following four requirements: 

a. The height of the letters must not be smaller than 10 point, unless otherwise specified in the program solicitation to which the proposal is being submitted;

b. Type density, including characters and spaces, must be no more than 15 characters per 2.5 cm. For proportional spacing, the average for any representative section of text must not exceed 15 characters per 2.5 cm; 

c. No more than 6 lines of type within a vertical space of 2.5 cm.; and

d. Margins, in all directions, must be at least 2.5 cm.
A. REVIEW CRITERIA
All NSF proposals are evaluated through use of two National Science Board approved merit review criteria. In some instances, however, NSF will employ additional criteria as required to highlight the specific objectives of certain programs and activities. For example, proposals for large facility projects also might be subject to special review criteria outlined in the program solicitation. 

The two merit review criteria are listed below. The criteria include considerations that help define them. These considerations are suggestions, and not all will apply to any given proposal. While proposers must address both merit review criteria, reviewers will be asked to address only those considerations that are relevant to the proposal being considered and for which the reviewer is qualified to make judgments. 

What is the intellectual merit of the proposed activity? 
How important is the proposed activity to advancing knowledge and understanding within its own field or across different fields? How well qualified is the proposer (individual or team) to conduct the project? (If appropriate, the reviewer will comment on the quality of prior work.) To what extent does the proposed activity suggest and explore creative and original concepts? How well conceived and organized is the proposed activity? Is there sufficient access to resources? 

What are the broader impacts of the proposed activity? 33 
How well does the activity advance discovery and understanding while promoting teaching, training, and learning? How well does the proposed activity broaden the participation of underrepresented groups (e.g., gender, ethnicity, disability, geographic, etc.)? To what extent will it enhance the infrastructure for research and education, such as facilities, instrumentation, networks, and partnerships? Will the results be disseminated broadly to enhance scientific and technological understanding? What may be the benefits of the proposed activity to society? 

NSF staff will give careful consideration to the following in making funding decisions:

Integration of Research and Education 
One of the principal strategies in support of NSF's goals is to foster integration of research and education through the programs, projects and activities it supports at academic and research institutions. These institutions provide abundant opportunities where individuals may concurrently assume responsibilities as researchers, educators, and students, and where all can engage in joint efforts that infuse education with the excitement of discovery and enrich research through the diversity of learning perspectives. 

Integrating Diversity into NSF Programs, Projects, and Activities
Broadening opportunities and enabling the participation of all citizens, women and men, underrepresented minorities, and persons with disabilities, are essential to the health and vitality of science and engineering. NSF is committed to this principle of diversity and deems it central to the programs, projects, and activities it considers and supports. 

---------------------------------------------------------------------------------------------------------------------
a. Cover Sheet

To be completed in conjunction with Office of Research and Sponsored Programs

Title – Precision Electromagnetic Studies of the Structure of Nuclei and Nucleons at Jefferson Laboratory

b. Project Summary

The proposal must contain a summary of the proposed activity suitable for publication, not more than one page in length. It should not be an abstract of the proposal, but rather a self-contained description of the activity that would result if the proposal were funded. The summary should be written in the third person and include a statement of objectives and methods to be employed. It must clearly address in separate statements (within the one-page summary): (1) the intellectual merit of the proposed activity; and (2) the broader impacts resulting from the proposed activity. (See Chapter III for further descriptive information on the NSF merit review criteria.) It should be informative to other persons working in the same or related fields and, insofar as possible, understandable to a scientifically or technically literate lay reader. Proposals that do not separately address both merit review criteria within the one page Project Summary will be returned without review. 

c. Table of Contents

A Table of Contents is automatically generated for the proposal by the FastLane system. The proposer cannot edit this form. 

d. Project Description (including Results from Prior NSF Support)

(i) Content

All proposals to NSF will be reviewed utilizing the two merit review criteria described in greater length in Chapter III. 

The Project Description should provide a clear statement of the work to be undertaken and must include: objectives for the period of the proposed work and expected significance; relation to longer-term goals of the PI's project; and relation to the present state of knowledge in the field, to work in progress by the PI under other support and to work in progress elsewhere.

The Project Description should outline the general plan of work, including the broad design of activities to be undertaken, and, where appropriate, provide a clear description of experimental methods and procedures and plans for preservation, documentation, and sharing of data, samples, physical collections, curriculum materials and other related research and education products. It must describe as an integral part of the narrative, the broader impacts resulting from the proposed activities, addressing one or more of the following as appropriate for the project: how the project will integrate research and education by advancing discovery and understanding while at the same time promoting teaching, training, and learning; ways in which the proposed activity will broaden the participation of underrepresented groups (e.g., gender, ethnicity, disability, geographic, etc.); how the project will enhance the infrastructure for research and/or education, such as facilities, instrumentation, networks, and partnerships; how the results of the project will be disseminated broadly to enhance scientific and technological understanding; and potential benefits of the proposed activity to society at large. Examples illustrating activities likely to demonstrate broader impacts are available electronically on the NSF Website18. 

(ii) Page Limitations and Inclusion of Universal Resource Locators (URLs) within the Project Description

Brevity will assist reviewers and Foundation staff in dealing effectively with proposals. Therefore, the Project Description (including Results from Prior NSF Support, which is limited to five pages) may not exceed 15 pages. Visual materials, including charts, graphs, maps, photographs and other pictorial presentations are included in the 15-page limitation. PIs are cautioned that the project description must be self-contained and that URLs that provide information related to the proposal should not be used because 1) the information could circumvent page limitations, 2) the reviewers are under no obligation to view the sites, and 3) the sites could be altered or abolished between the time of submission and the time of review. 

Conformance to the 15-page limitation will be strictly enforced and may not be exceeded unless a deviation has been specifically authorized. (Chapter II, Section A, Conformance with Instructions for Proposal Preparation, contains information on deviations.) 

(iii) Results from Prior NSF Support 

If any PI or co-PI identified on the project has received NSF funding in the past five years, information on the award(s) is required. Each PI and co-PI who has received more than one award(excluding amendments) must report on the award most closely related to the proposal. The following information must be provided: 

(a) the NSF award number, amount and period of support;

(b) the title of the project; 

(c) a summary of the results of the completed work, including, for a research project, any contribution to the development of human resources in science and engineering; 

(d) publications resulting from the NSF award; 

(e) a brief description of available data, samples, physical collections and other related research products not described elsewhere; and 

(f) if the proposal is for renewed support, a description of the relation of the completed work to the proposed work. 

Reviewers will be asked to comment on the quality of the prior work described in this section of the proposal. Please note that the proposal may contain up to five pages to describe the results. Results may be summarized in fewer than five pages, which would give the balance of the 15 pages for the Project Description. 

 (vi) Proposals for Renewed Support

A proposal for renewed support may be either a "traditional" proposal in which the proposed work is documented and described as fully as though the proposer were applying for the first time; or, an "Accomplishment-Based Renewal" (ABR) proposal, in which the project description is replaced by copies of no more than six reprints of publications resulting from the research supported by NSF during the preceding three to five year period, plus a brief summary of plans for the proposed support period. (See Chapter V, Section B.2 for additional information on preparation of Renewal Proposals.) 

D) Project Description
Introductory paragraph – KAA
We propose a study of nuclear correlations and nucleon structure using the electromagnetic probe. Our principle focus in the past has been on few nucleon systems and we still intend to study these systems. Short-range nucleon-nucleon correlations attributable to the nucleon-nucleon interaction predominate in the light mass system. However, in heavier nuclei for shells near the Fermi energy the presence of long-range correlations is also indicated. The effect of long-range correlations for these shells is best seen in the high momentum components of nucleons in these shells. As will be discussed latter, short-range correlations have little impact on the high momentum components for shells near the Fermi energy in large A nuclei. It is also clear that the program to understand nuclear structure can not be completed without knowledge of nucleon structure and dynamical relativistic effects in nuclear structure as well. 

This proposal is a continuation of our ongoing research program in electromagnetic physics for which we have had NSF support for several years. All of the proposed experiments will be carried out at the Thomas Jefferson National Accelerator facility (TJNAF). CSLA is an urban university situated in the middle of the predominantly Hispanic and Asian East Los Angeles community. Our large Hispanic population qualifies CSLA as a Hispanic Serving Institution. CSLA has strong programs in the sciences with particular emphasis on providing undergraduate research opportunities. The highest degree offered is the MS/MA. The proposed program will continue the efforts of our group to provide a high quality research environment for a student population that traditionally does not have access to such opportunities. This will be done with extensive outreach programs to neighboring high schools and high school teachers.

In our review of the past work  and future work we should emphasize the involvement with students and teachers and the number of PhDs which came from e89044.
(I) Review of work during current funding period
(a) E89-044 – MBE
(b) E04-107 – KAA, 4He(e,e’p)
TJNAF E04-107 Detailed Study of 4He Nuclei Through Response Function Separations at High Momentum Transfers (spokespersons, K.A. Aniol, S. Gilad, D. Higinbotham , and A. Saha)  
This experimental proposal was approved during the Jefferson Lab Program Advisory Committee meeting of July, 2004.  It was presented by K. A. Aniol as the jeopardy defense of E01-108. It will be a detailed study of the structure of  4He and reaction dynamics through 4He(e,e'p)  coincidence measurements at high momentum transfers. In perpendicular kinematics, this will be accomplished by measuring the quasi-elastic 4He(e,e'p)3H cross section at a fixed   q = 1.50 GeV/c and = 0.84 GeV as a function of missing momentum up to 1.2 GeV/c. We shall also extract the response function RTL and the left-right asymmetry ATL up to pm = 0.5 GeV/c, and extract RT and R{L+TT} for missing momenta around 0 GeV/c, 0.4 GeV/c, and  0.5 GeV/c. These measurements will provide detailed observables to test current and future theoretical models. 
In parallel kinematics, we shall study the Q2 dependence of the reaction 4He(e,e'p)3H 
by performing a longitudinal/transverse RL/RT separation from protons emitted along q in the Q2  range from 0.81 to 4.1 [GeV/c]2  with missing momenta near zero.  To investigate nucleon-nucleon correlations, we shall also make RL/RT separations of the reaction 4He(e,e'p)pnn 

at xB = 1.86 for high missing momentum, pm = 0.4 GeV/c, and for a q of 1.5 GeV/c.

These measurements will be performed in Hall A, using the two high resolution 

spectrometers and a 4He cryogenic target. 

This measurement will be discussed at greater length in the next section. 
(c)  Target development – DJM
(d) P05-105 – KAA, 208Pb(e,e’p)
TJNAF P05-105  Impulse Approximation limitations to the (e,e'p) reaction on 208Pb, identifying correlations and relativistic effects in the nuclear medium (spokespersons, K.A. Aniol, B. Reitz, A. Saha, J. M. Udias)

This proposal was presented at PAC 28 at Jefferson Lab in August, 2005. Due to the intense demand for beam time and the few days available which the PAC could approve, the proposal was deferred with regret. The detailed PAC report has not been released as of the submission of this present request for NSF support. K. A. Aniol developed the detailed GEANT simulations for the proposal and showed that the desired experimental information could be extracted with the resolution attainable in Hall A. Jose M. Udias, from the University of Madrid, provided extensive theoretical calculations. K. A. Aniol also served as editor for the proposal and along with J. M. Udias wrote the bulk of the proposal. The spokespersons intend to pursue this proposal with submissions to future Program Advisory Committees.
This measurement will determine the transverse-longitudinal asymmtery, ATL, for protons emitted forward of the three momentum transfer q and backward of q as a function of missing momentum, pm for the reaction 208Pb(e,e'p)207Tl. The low lying states in 207Tl will be the focus of this study using the high resolution spectrometers of Hall A. In the range of missing momenta  pm <300 MeV/c  a complex structure in ATL is predicted within the impulse approximation.  Relativistic mean field calculations predict values of ATL that deviate substantially from the predictions that do not include the enhancement of the lower component of the wave function due to dynamical relativistic effects. Spectroscopic factors will also be extracted for these low lying states and they will be compared to the ones derived at lower Q2 to establish a dependence, or lack thereof, on Q2 . Cross section measurements will also be extended out to 500 MeV/c  in missing momentum. An excess of strength at high pm  has been found in a former experiment, that has been alternately attributed to long range correlation using nonrelativistic analyses, or to relativistic effects from a full relativistic analysis.  This measurement will be made in fixed (q, )  kinematics, q=1 GeV/c, = 0.433 GeV,  Q2  = 0.81 Gev2. This is the first measurement of the (e,e'p) reaction in lead done at constant  (q, )  and under quasielastic conditions, xB =1. These data will provide observables for current and future theories of long range correlations and dynamical relativistic structures in the nuclear medium.  

Further details of this proposal will be found in the following section.
(e) E02-013 – KAA, Tim’s work on preparation for Gen
TJNAF E02-013  Measurement of the Neutron Electric Form Factor GEn at High Q2
(spokespersons, G. Cates, K. McCormick, B. Reitz, B. Wojtsekhowski)

Intensive preparation for this high priority ( A ) experiment were aided by the presence of our graduate student, Tim Ngo during the summer months of 2005. Tim’s work on helping prepare the large neutron array needed for the experiment was highly appreciated for its accuracy and efficiency by the on site spokespersons. Our grant paid for Tim’s travel and his salary and Hall A paid for his accommodations. We intend to send Tim again to JLab during the quarter breaks to continue helping to mount and run the experiment. Greater detail of his involvement in the experiment will be discussed in the following section.
(f) E04-108, GEp/GMp , Hall C – KAA Juan’s work on calorimeter
TJNAF E04-108 Measurement of GEp/GMp to Q2 = 9 GEV2 via recoil polarization
(spokespersons, E. Brash, M. Jones, C. Perdrisat, V. Punjabi)

Preparation for this high priority (A) experiment were aided by the presence of our undergraduate student, Juan Cornejo. Juan spent two summers at Jefferson Lab helping in the preparation of the lead glass calorimeter. His work was greatly appreciated by the senior staff and the experiment spokespersons in the assembly of the device.  Juan won SULI internships from the DOE. Since these internships last only 10 weeks during the summer his salary for the additional time he spent there was covered by our grant. His accommodations beyond 10 weeks were paid for by Hall C.

This is an approved Hall C experiment which will extend the measurement of the ratio Gep/Gmp to Q2 =9 (GeV/c)2 via the recoil polarization technique. The previous measurements of this ratio to Q2=5.6 (GeV/c)2  in TJNAF E93-027 and E99-007 produced surprising results, showing a steady decrease in the ratio when previous assumptions were that the ratio would remain constant at its  Q2 =0 value. Three values of Q2 are planned in this measurement, 4.2, 7.5 and 9.0 (GeV/c)2, the lowest point providing an overlap with the measurements in E99-007. 

(g) MAD simulations – KAA, Mark Acuff

MAD  GEANT simulations and student training
Our group continued to work on characterizing the proposed Medium Acceptance Device for the 12 GeV upgrade in Hall A. One of us, K. A. Aniol, was on the nuclear working group for Hall A in the Summer and Fall of 2004. This working group sought to identify the experiments best suited for the MAD. Our graduate student, Mark Acuff, continued his GEANT studies of the pion induced background expected in proposed experiments using MAD. In January of 2005 a JLab committee decided to focus the lab’s resources first on the Super HMS because of large backgrounds anticipated for the MAD. Mark turned his attention then to developing the GEANT simulation for E89-044, the 3He(e,e’p) experiment we had completed at Jefferson Lab. In this endeavor he taught one of our foreign exchange undergraduate students from France, Guillaume Willmann, how to setup GEANT for the E89-044 experiment. Guillaume was with us for one year. He came to gain experimental experience in nuclear physics techniques. This interaction between Mark and him worked very well to both of their advantages and helped in the preparation of the lead  proposal mentioned above. Since these two students had worked up the correct geometry files for the Hall A double spectrometers, the simulations needed for the 208Pb(e,e’p)  experiment were expedited.
 (h) E99-115, DJM, HAPPEX - H
(i) E00-114, DJM, HAPEX-He

(j) E01-015, KAA, SRC
TJNAF E01-015 Studying the Internal Small Distance Structure of Nuclei via the Triple Coincidence (e,e’p+N) Measurement (spokespersons, W. Bertozzi, E. Piasetzky, J. Watson, S. Wood)
We participated in this experiment in the data taking phase. The experiment measured simultaneously the (e,e’p), (e,e’p+n), and (e,e’p+p) reactions on 12C. Both HRS and Big Bite and an array of scintillators were used to measure the scattered electrons and the protons and neutrons. The aim of the measurement is to measure short range nucleon-nucleon correlations, which means looking at pre-existing pairs of nucleons in the nucleus with back-to-back high momenta. The proton missing momentum range covered was from 250 to 600 MeV/c. The experiment allows us to compare pn and pp correlated pairs. Kinematics were chosen so as to minimize competing effects from MEC and FSI. The large Q2 = 2 GeV2 and xB > 1 emphasized nucleon-nucleon short range correlations.
(k) Student training and High School Teacher participation, KAA, MBE
Student training and High School Teacher participation

Besides the two graduate students, Tim Ngo and Mark Acuff, and the two undergraduate students, Juan Cornejo and Guillaume Willmann we have also had working in our group undergraduates Robert Stringer, Chris Lee, (Marty – can you say anything about Luis, Cynthia or the other recent additions? ). Robert was awarded a SULI internship at Jefferson Lab. He developed the graphics tracking routine for the ROOT analyzer in Hall A. The staff persons who supervised him were very pleased with the quality of the package he produced and with the rapidity with which he accomplished it. During the rest of the time with us Robert put into use the COLA++ analysis package from MAMI, Mainz. He also did a fair amount of analysis of the Mainz data we have. His dealing with the wire chamber issues in the Mainz data helped prepare him for the work on the Hall A tracking routine. Robert graduated in Spring 2005 and went on to a study for aPhD in high energy physics at the University of California, Riverside. His work at Jefferson Lab and with us throughout several years enabled him to get a prestigious award at UCR.

Chris Lee is an early entrant student. We had Chris working early on in the MAD project. Specifically his first task was to develop a monte carlo program for tracking neutrons. The thrust of this exercise was pedagogical so that he could appreciate the applications and terminology in a more sophisticated monte carlo simulation, such as GEANT. Chris, Robert and Juan received stipends from the current grant.
(l) publications – DJM
(II) Proposed Work

(a) E04-107 – 4He(e,e’p) , KAA
TJNAF E04-107 Detailed Study of 4He Nuclei Through Response Function Separations at High Momentum Transfers (spokespersons, K.A. Aniol, S. Gilad, D. Higinbotham , and A. Saha)  
We have reasonable expectations that this approved experiment will be scheduled for beam time within the proposed grant cycle. E04-012 (A-), which requires a 4He and 3He target is tentatively scheduled within this period. Hall A will then be in the “standard” configuration. Since one of us is a spokesperson on the experiment we expect a significant commitment of our time in preparing for and leading this experiment. We expect members of the Hall A collaboration to provide Ph.D. students for this measurement. Our experience with E89-044 has been very positive in the ability of our students and local high school teachers to become meaningfully involved in the preparation and analysis of parts of this type of experiment.
In the past few years coincidence experiments of the type  A(e,e’p)X have become feasible at several GeV energies and high momentum transfers due to the advent of high duty factor accelerators such as CEBAF. These large energy and momentum transfers may permit us to see the transition in atomic nuclei from hadronic degrees of freedom to quark-gluon degrees of freedom. If one can not fit the data with the best set of conventional nuclear physics calculations involving one body currents, meson exchange currents, isobars, initial and final state correlations, relativistic structure in the wave functions, etc., then this might be taken as evidence of the onset of sub-nucleonic degrees of freedom. Experimental data serve a critical role as tests for calculations currently being developed. It is very important to obtain a large and precise body of data, since this is the only effective way of constraining the theoretical models. In this view 4He is an essential element in developing conventional nuclear physics calculations. It is the simplest system in which all the basic ingredients of a heavy nucleus exist. Its binding energy is similar to that of heavier nuclei and it is reasonable to expect that nucleon pairs in 4He behave similarly to nucleon pairs in deeply bound orbits in heavier nuclei. It is a tightly bound system and is a good laboratory for the study of short range correlations and nucleon-nucleon correlations. Moreover, it provides an important connection between 2 and 3 body nuclear systems where microscopic calculations are possible, and heavier nuclei where microscopic calculations are still intractable. Indeed, as Figure 1 shows, the density difference between 3He and 4He is large enough that measurable relativistic effects in ATL are predicted and the relativisitic and nonrelativisitic calculations predict different ATL behavior (Fig. 1C). There are many theoretical studies of 4He, ranging from variational Monte1 Carlo calculations to relativistic mean field calculations2. Each approach provides important insights into the many lower momentum transfer data3 (to a few hundred Mev/c) extracted from 4He(e,e’p)X reactions. An advantage of the electromagnetic interaction is the availability of different response functions which combine to make the measured cross section. These response functions are variously sensitive to initial state wave functions and reaction mechanisms. They provide valuable constraints on possible theoretical models. In Fig. 2 we present results4 from E89-044 on the backward angle cross section ( 1) measured in perpendicular kinematics. The bump in the cross section for missing momenta above 350 MeV/c can be explained by final state rescattering. An interesting result of the calculation is that FSI alone cannot explain the enhanced cross section above 350 MeV/c. The correlations inherent in the nuclear ground state must be included to account for the cross section. It will be instructive to see the interplay between FSI and ground state correlations by going to the denser 4He target. 
For our experiment the outgoing proton kinetic energy (about 0.84 GeV ) is high enough that the eikonal approximation can be used to describe final state interactions. Thus, both optical potentials and eikonal approximations can be compared for these data. It will be very interesting to see if the discrepancy between theory and experiment for the 3He data for missing momenta greater than 750 MeV/c is present in the 4He data. A possible explanation5 for the cross section above 750 MeV/c invokes a three-body mechanism. Such a mechanism should also be present in 4He as well as possible 4-body effects. If the cross section remains above the best theory available for the largest pmiss then we may be seeing a breakdown of the standard nuclear model of nucleons plus mesons. This is speculative, but it does point out the necessity for having high quality data out to as large a pmiss as measurable. These data will require the best theoretical treatment available. 

In summary, TJNAF E04-107 will make a detailed study of the electromagnetic structure of 4He through coincident (e,e’p) measurements. In perpendicular kinematics the 4He(e,e’p) 3H cross section will be measured at a fixed momentum transfer of q = 1.5 GeV/c and energy transfer  = 0.837 GeV , Q2 =1.55 (GeV/c)2, as a function of missing momentum up to 1.2 GeV/c. The response function RLT and the cross section asymmetry ALT will also be extracted for 0< pmiss <0.5 GeV/c. Additionally, response functions RT and RL+TT will be obtained around 0., 0.4, and 0.5 GeV/c. In parallel kinematics the Q2 dependence of the 4He(e,e’p) 3H will be studied by performing a longitudinal/transverse separation, RL / RT , for 0.81 < Q2 < 4.1 (GeV/c)2 at missing momenta near zero. This is of particular interest because of the reported6 quenching of the longitudinal response relative to the transverse response at Q2 = 0.6 (GeV/c)2. The measurement will also make a RL / RT separation for missing momentum of 0.3 GeV/c at q = 1.0 GeV/c for the 4He(e,e’p) pnn reaction to investigate ground state nucleon-nucleon correlations revealed in the continuum data. We note that the kinematic conditions for this measurement are identical to our recently completed E89-044 study. This enables useful theoretical comparisons between the results for 4He and 3He.  
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Figure 1 ATL for 3He(e,e’p)d and 4He(e,e’p)3H. Figure (A) is from the Phys. Rev. Lett., 94, 12320(2005) of M. Rvachev et al.. The calculations use modern nonrelativistic wave functions including 2N and 3N interactions. Figure (B) is a calculation by the Madrid group using the wave functions of figure (A) to generate the equivalent scalar and vector potentials for a relativistic treatment. The effect of relativity on the 3He wave function is, however, rather small and the oscillation in ATL is attributed to FSI. Figure (C) shows the prediction for 4He(e,e’p)3H  using the full nonrelativistic calculation of Laget (private communication) and the relativistic calculation of the Madrid group (private communication). The oscillation in the case of 4He in the relativistic calculation is attributed to the enhanced distortion of the lower component of the 4He single particle wave function due to the higher density of 4He compared to 3He. 
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Figure 2. Measured 3He(e,e’p)d cross section as a function of missing momentum. From Phys. Rev. Lett., 94, 12320(2005) of M. Rvachev et al..

(b) P05-105 – 208Pb(e,e’p) , KAA
TJNAF P05-105  Impulse Approximation limitations to the (e,e'p) reaction on 208Pb, identifying correlations and relativistic effects in the nuclear medium (spokespersons, K.A. Aniol, B. Reitz, A. Saha, J. M. Udias)
The question we wish to address in this measurement is “ How well do we understand nuclear structure? “. The nucleus is a dense system of fermions whose motion to first order can be treated as independent particles moving in a mean field. However, deviations from independent particle motion for orbits near the Fermi energy are clearly present and are attributed to various correlations. Changes in the momentum distribution, especially above the Fermi momentum, have been attributed in a prior experiment7 on 208Pb(e,e'p)207Tl using nonrelativistic analyses to these correlations. On the other hand, is there really excess strength in the momentum distribution at high pm for these states near the Fermi energy? A relativistic treatment8 of the bound and free nucleon states shows no deviation from an independent particle model prediction. 
The earlier measurement7 was in constant ( q) kinematics at xB = 0.18, rather far from  quasielastic conditions. Under these conditions the lower component of the relativistic independent particle wave function has strong high momentum components2b. Hence, “excess strength” at large missing momentum can not be unambiguously  attributed to long-range correlations. However, the present proposal intends to take advantage of the excellent capabilities of CEBAF and use constant ( q) kinematics at xB = 1. Under quasielastic conditions there is no longer an ambiguity between the nonrelativistic and relativistic analyses since excess strength can then be more confidently assigned to long range correlations. This is illustrated in Figure 3 from J. M. Udias ( private communication ).
Nucleon-nucleon correlations are also expected to affect the occupation probabilities of the mean field orbits. The measured quantity in this case, the spectroscopic factor, has recently been claimed9 to depend on the momentum transfer in the 12C(e,e’p)11B reaction. This claim has been disputed10 , however. Thus, the issue is not resolved. For 208Pb(e,e'p)207Tl  measurements11 in parallel kinematics at Q2 ~ 0.18 GeV2 were analyzed12 and spectroscopic factors were extracted. Our proposed measurement will obtain spectroscopic factors at Q2 = 0.81 GeV2. We will be able to compare our spectroscopic factors at the higher Q2 to those from the earlier measurement and determine if there is a Q2 dependence to them.  
A controversial issue over the last decades, has been the role of relativity in the description of nuclei. While it is true that bulk properties and many single-particle properties are usually well described within the standard nonrelativistic formalism, there is yet the open question of whether there are any visible effects of relativity, beyond the well-known need to include spin-orbit interactions, even at the mean field level. However, it has been well know for several years8 that the relativistic calculations in constant (,q) kinematics exhibited a larger asymmetry with respect to both sides of q compared to the nonrelativistic calculations. This feature is true even for 0<pm<300 MeV/c and it is in this region below the Fermi momentum that one expects the single nucleon aspects of the reaction to dominate. Correlations will not have a substantial effect on ATL so this observable should be a reliable indicator of relativistic structure in the nuclear wave function. Examples of ATL  for the five low lying state of 207Tl are shown in Figure 4. The asymmetry ATL, accessible in (e,e'p) reactions, is a relatively new and as yet little exploited observable for low lying excited states. It is an exciting prospect that the (e,e’p) reaction gives us another observable by which nuclear states can be characterized. It is sensitive to the theoretical approach employed and is of prime interest in this measurement. 
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Figure 3 Cross section versus missing momentum for the 1g7/2 transition for quasielastic kinematics. Shown are relativistic and nonrelativistic calculations without correlations. They are very similar at high pm. Two types of short range and long range correlations are shown too for the relativistic analyses. Graph from J.M. Udias (private communication).
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Figure 4. Asymmetry ATL for the five states populated in the 208Pb(e,e'p)207Tl  reaction. Data points are the expected values with uncertainities from the spectrum fitting procedure. Graphs are from the proposal P05-105 defense at JLab’s PAC 28 meeting in August, 2005. See

http://www.jlab.org/~aniol/pb208/pb208-presentation.ppt 

(c) E05-109 – HAPPEX  HiQ, KAA

(d) E04-108 – HALL C GEp/GEm, KAA
(e) E03-011 – 208Pb neutron skin, KAA
(f) E02-013 – Gen, KAA
TJNAF E02-013  Measurement of the Neutron Electric Form Factor GEn at High Q2
(spokespersons, G. Cates, K. McCormick, B. Reitz, B. Wojtsekhowski)
This is a measurement of the neutron electric form factor GEn at high four–momentum transfer values of Q2 = 1.3, 2.4, and 3.4 (GeV/c)2 in double polarized semi-exclusive 3He(e, en) scattering in quasi–elastic kinematics by measuring the asymmetry AT of the cross section. No accurate data on GEn are available at these momentum transfers. The recently developed approach for calculations of exclusive reactions in the Q2-range between 1 and 10 (GeV/c)2 using generalized parton distributions (GPD) relates these elastic form factors to the results from deep inelastic scattering and from Compton scattering. Data for GEn at high Q2 are necessary, in particular, to

constrain spin-flip GPDs. The experiment utilizes the polarized 3He target and the polarized CEBAF beam. The electrons will be detected in the BigBite spectrometer, the neutrons in an array of scintillators. Because of the high kinetic energy of the neutrons, a high neutron detection efficiency with an excellent background suppression can be achieved. GEn can be measured to a statistical accuracy of Δ GEn / GEn  = 0.14 for these three values of Q2. Such a measurement would significantly increase our knowledge about a fundamental property of the neutron in a region where no accurate data are yet available.

Our group will continue its involvement in this experiment by analyzing a portion of the data suitable for a Master’s thesis by Tim Ngo, mentioned above. The neutron detector efficiency calibration is the most likely source for the thesis according to one of the experiment’s spokespersons, although other data will also become available. The experiment is scheduled to run in early 2006 and the data analysis will extend well into the next three year period of funding. In addition to the need his analysis will satisfy for the experiment, Tim will also learn how to use the ROOT analyzer and C++ programming. Tim has shown great promise in his class room work in our University and he intends to go on to a PhD after graduating the Master’s program. He had prior experience in hardware for high/medium energy physics with the UCLA group before entering our program. His experience with hardware for the GEn experiment in his summer at Jefferson Lab in 2005 augments this earlier exposure. A thesis in which he must learn how to analyze the data from the equipment he helped assemble will be an important asset to rounding out his graduate education with us and will be a benefit in his future PhD research. 
(III) Educational Outreach
(a) UPP – MBE
(b) Science Series Lectures - KAA
(c) Placing students at JLab – KAA
(d) High School teachers ? - MBE
e. References Cited 

Reference information is required. Each reference must include the names of all authors (in the same sequence in which they appear in the publication), the article and journal title, book title, volume number, page numbers, and year of publication. If the document is available electronically, the Website address also should be identified. 19 Proposers must be especially careful to follow accepted scholarly practices in providing citations for source materials relied upon when preparing any section of the proposal. While there is no established page limitation for the references, this section must include bibliographic citations only and must not be used to provide parenthetical information outside of the 15-page project description. 

KAA
(1) 
a) .Momentum Distributions in A=3 and 4 Nuclei., R. Schiavilla, V. Pandharipande, Nucl.

Phys., A449, 219 (1986);

b) .Beyond the plane-wave impulse approximation in (e,e’p) reactions., R. Schiavilla,

 Phys. Rev. Lett., 65 835(1990);

c) .Reaction mechanisms in two-body photodisintegration and electrodisintegration of 4He, J.-M. Laget, Nucl. Phys., A579, 333 (1994);

d) .Relativisitic bound systems in quantum electrodynamics., S. I. Nagornyi, Yu. A. Kasatkin,

E.V. Inopin, I. K. Kirichenko, Sov. J. Nucl. Phys. 49 465 (1989)

e) .Covariant approach in the theory of photonuclear reactions and its realization in 4He., S.I. Nagornyi, Yu. A. Kasatkin, V.A. Zolenko, I.K Kirichenko, A.A. Zayats, Sov. J. Nucl. Phys. 53, 228 (1991);

f) .Nucleons in Nuclei (II)., J.-M. Laget, Nucl. Phys., A497 , 391c (1989)

(2) 
(a) Relativistic formulation of Glauber theory for A(e, e′p) reactions 

J. Ryckebusch , D. Debruyne , P. Lava a, S. Janssen , B. Van Overmeire  and T. Van Cauteren 

Nucl. Phys A278 (2003) 226
(b) J. M. Udias, private communication and Madrid computer code
(3) 
a) Measurement of Rlt and Atl in the 4He(e,e'p)3H Reaction at pmiss of 130-300 MeV/c
K. A. Aniol, M. B. Epstein, E. Gama, D. J. Margaziotis, W. Bertozzi, J. P. Chen, D. Dale, R. E. J. Florizone, S. Gilad, A. J. Sarty, J. A. Templon, S. P. Van Verst, J. Zhao, Z. L. Zhou, P. Bartsch, W. U. Boeglin, R. Boehm, M. O. Distler, I. Ewald, J. M. Friedrich, J. M. Friedrich, R. Geiges, P. Jennewein, M. Kahrau, K. W. Krygier, A. Liesenfeld, H. Merkel, K. Merle, U. Muller, R. Neuhausen, E. A. J. M. Offermann, Th. Pospischil, G. Rosner, H. Schmieden, A. Wagner, Th. Walcher, M. Kuss, A. Richter, G. Schrieder, K. Bohinc, M. Potokar, S. Sirca, J. M. Udias, Javier R. Vignote, R. Schiavilla

Eur.Phys.J. A22 (2004) 449-454
b) .Measurement of the RLT, RL, and RT response functions for the 4He(e,e’p)3H reaction at large missing momentum., M. B. Epstein, K. A. Aniol, D. J. Margaziotis, and B. Jiang ,H. Baghaei, W. Bertozzi, W. Boeglin, L. Weinstein, S. Penn, and J. Morrison, R. W. Lourie ,J. M. Finn, C. F.Perdrisat, V. Punjabi, and P. E. Ulmer ,C. C. Chang , P. Boberg , John Calarco ,
J. M. Laget, Phys. Rev. Lett. , 70 , 2868 (1993);
c) .High-Missing-Momentum Components in the 4He(e,e’p)3H Reaction., J. J. van Leeuwe, H.P. Blok, J. F. J. van den Brand, H. J. Bulten, G. E. Dodge, R. Ent, W. H. A. Hesselink, E. Jans,

W. J. Kasdorp, J. M. Laget, L. Lapikás, S. I. Nagorny, C. J. G. Onderwater, A. R. Pellegrino, C.

M. Spaltro, J. J. M. Steijger, R.Schiavilla, J. A. Templon, and O. Unal, Phys. Rev. Lett. , 80 2543

(1998)
d) .High Precision Studies of the 3He(e,e.p) Reaction., R. Florizone, W. Bertozzi, J. P. Chen, D.Dale, S. Gilad, A. Sarty, J. Templon, S. van Verst, J. Zhao, P. Bartsch, W. Boeglin, R. Bohm, T. Caprano, N. Clawiter, M. O. Distler, R. Edelhoff, I. Ewald, Jan Friedrich, Jorg Friedrich, R.

Geiges, P. Jennewein, M. Karau, M. Korn, H. Kramer, K. W. Krygier, V. Kunde, A. Liesenfeld,

E. A. J. M. Offermann, R. Neuhausen, T. Pospischil, A. Richter, G. Rosner, P. Sauer, A.

Sedarevic, S. Schardt, A. Wagner, T. Walcher, S. Wolf, K. A. Aniol, M. B. Epstein, D. J.

Margaziotis, M. Kuss, A. Richter, G. Schrieder, K. Bohinc, S. Sirca, and and J. E. Ducret, Phys.

Rev. Letters 83, 2308(1999). 2
e) .The Longitudinal and Transverse Response of the 4He(e,e.p) Reaction in the Dip Region., A. Kozlov, K. A. Aniol, P. Bartsch, D. Baumann, W. Bertozzi, R. Bohm, K. Bohinc, J.-P. Chen, D. Dale, L. Dennis, S. Derber, M. Ding, M. O. Distler, P. Dragovitsch, I. Ewald, K. G. Fissum, R.E. J. Florizone, J. Friedrich, J. M. Friedrich, R. Geiges, S. Gilad, P. Jennewein, M. Kahrau, M.Kohl, K. W. Krygier, A. Liesenfeld, D. J. Margaziotis, H. Merkel, P. Merle, U. Muller, R.Neuhausen, T. Pospischil, G. Riccardi, R. Roche, G. Rosner, D. Rowntree, A. J. Sarty, H.Schmieden, S. Sirca, J. A. Templon, M. N. Thompson, A. Wagner, Th. Walcher, M. Weis, J.

Zhao and Z. Zhou, Nuclear Physics A684, 460 (2001).
 (4) Quasielastic 3He(e,e’p)2H Reaction at Q2=1.5 GeV2 for Recoil Momenta up to 1 GeV/c  , Phys. Rev. Lett. 94, 192302 (2005) , M. M. Rvachev, F. Benmokhtar, E. Penel-Nottaris, K. A. Aniol, W. Bertozzi, W. U. Boeglin, F. Butaru, J. R. Calarco, Z. Chai, C. C. Chang, J.-P. Chen,
E. Chudakov, E. Cisbani, A. Cochran, J. Cornejo, S. Dieterich, P. Djawotho, W. Duran, M. B. Epstein, J. M. Finn, K. G. Fissum, A. Frahi-Amroun, S. Frullani, C. Furget, F. Garibaldi, O. Gayou, S. Gilad, R. Gilman, C. Glashausser, J.-O. Hansen, D. W. Higinbotham, A. Hotta, B. Hu, M. Iodice, R. Iomni, C. W. de Jager, X. Jiang, M. K. Jones, J. J. Kelly, S. Kox, M. Kuss, J. M. Laget, R. De Leo, J. J. LeRose, E. Liatard, R. Lindgren, N. Liyanage, R. W. Lourie, S. Malov,
D. J. Margaziotis, P. Markowitz, F. Merchez, R. Michaels, J. Mitchell, J. Mougey, C. F. Perdrisat, V. A. Punjabi, G. Quéméner, R. D. Ransome, J.-S. Réal, R. Roché, F. Sabatié, A. Saha, D. Simon, S. Strauch, R. Suleiman, T. Tamae, J. A. Templon, R. Tieulent, H. Ueno, P. E. Ulmer, G. M. Urciuoli, E. Voutier, K. Wijesooriya, and B. Wojtsekhowski

 (Jefferson Lab Hall A Collaboration)

(5) Three-body mechanisms in the 3He(e,e’p) reactions at high missing momentum

J. M. Laget, Phys. Rev. C72 (2005) 024001

(6)  The longitudinal and transverse structure functions of the 4He(e,e’p)3H reaction.,
 J.-E. Ducret, M. Bernheim, M.K. Brussel, G.P. Capitani, J. F. Danel, E. De Sanctis, S. Frullani, F. Garibaldi, F. Ghio, H.E. Sackson, M. Jodice, L. Lakehal-Ayat, J.M. Le Geoff, A. Magnow, C. Marchand, Z.E. Meziani, J. Morgenstern, P. Vernin, A. Zghiche , Nucl. Phys.A556 373 (1993)

(7) High-Momentum Protons in 208Pb, I. Bobeldijk, M. Bouwhuis, D. G. Ireland*, C. W. de Jager, E. Jans, N. de Jonge, W-J. Kasdorp, J. Konijn, L. Lapikás, J. J. van Leeuwe, R. L. J. van der Meer, G. J. L. Nooren, E. Passchier, M. Schroevers, G. van der Steenhoven, J. J. M. Steijger, J. A. P. Theunissen, M. A. van Uden, H. de Vries, R. de Vries, and P. K. A. de Witt Huberts, H. P. Blok, H. B. van den Brink, G. E. Dodge, M. N. Harakeh§, W. H. A. Hesselink, N. Kalantar-Nayestanaki§, A. Pellegrino, C. M. Spaltro, and J. A. Templon, R. S. Hicks, J. J. Kelly, C. Marchand, Phys. Rev. Lett. 73, 2684–2687 (1994)

(8) Relativistic analysis of the 208Pb(e,e'p)207Tl reaction at high momentum, J.M. Udias, P. Sarriguren, E. Moya de Guerra, J.A. Caballero, Phys.Rev. C53 (1996) 1488-1491
(9)

(a) The Transparency of 12C for Protons, L. Lapik´as, G. van der Steenhoven, L. Frankfurt, M. Strikman, and M. Zhalov, Phys.Rev. C61 (2000) 064325

(b) Transparency in high Q2 exclusive (e, e′p) reactions, L. Frankfurt, M. Strikman, and M. Zhalov, Phys.Lett. B503 (2001) 73-80

(10) Correlated nucleons in configuration space, H. Muether, I. Sick, 

Phys.Rev. C70 (2004) 041301

(11) Limitations of the mean-field description for nuclei in the Pb-region, observed with the (e,e’p reaction, E. N. M. Quint, Ph.D. thesis, University of Amsterdam, 1988 (unpublished), NIKHEF-K Nr. 1313.
(12) Spectroscopic factors in 40Ca and 208Pb from (e,e'p): Fully relativistic analysis

J. M. Udías, P. Sarriguren, E. Moya de Guerra, E. Garrido, and J. A. Caballero, Phys. Rev C48:2731, 1993
f. Biographical Sketch(es)
KAA

MBE

 (i) Senior Personnel

A biographical sketch (limited to two pages) is required for each individual identified as senior project personnel. (See Appendix F for the definition of Senior Personnel.) The following information must be provided in the order and format specified below: 

(a) Professional Preparation

A list of the individual's undergraduate and graduate education and postdoctoral training as indicated below:

	Undergraduate Institution(s)
	Major
	Degree & Year

	Graduate Institution(s)
	Major
	Degree & Year

	Postdoctoral Institution(s)
	Area
	Inclusive Dates (years)


(b) Appointments

A list, in reverse chronological order, of all the individual's academic/professional appointments beginning with the current appointment. 

(c) Publications

A list of: (i) up to 5 publications most closely related to the proposed project; and (ii) up to 5 other significant publications, whether or not related to the proposed project. Each publication identified must include the names of all authors (in the same sequence in which they appear in the publication), the article and journal title, book title, volume number, page numbers, and year of publication. If the document is available electronically, the Website address also should be identified.

For unpublished manuscripts, list only those submitted or accepted for publication (along with most likely date of publication). Patents, copyrights and software systems developed may be substituted for publications. Additional lists of publications, invited lectures, etc., must not be included. Only the list of 10 will be used in the review of the proposal. 

(d) Synergistic Activities

A list of up to five examples that demonstrate the broader impact of the individual's professional and scholarly activities that focuses on the integration and transfer of knowledge as well as its creation. Examples could include, among others: innovations in teaching and training (e.g., development of curricular materials and pedagogical methods); contributions to the science of learning; development and/or refinement of research tools; computation methodologies, and algorithms for problem-solving; development of databases to support research and education; broadening the participation of groups underrepresented in science, mathematics, engineering and technology; and service to the scientific and engineering community outside of the individual's immediate organization. 

(e) Collaborators & Other Affiliations 

· Collaborators and Co-Editors. A list of all persons in alphabetical order (including their current organizational affiliations) who are currently, or who have been collaborators or co-authors with the individual on a project, book, article, report, abstract or paper during the 48 months preceding the submission of this proposal. Also include those individuals who are currently or have been co-editors of a journal, compendium, or conference proceedings during the 24 months preceding the submission of the proposal. If there are no collaborators or co-editors to report, this should be so indicated. 

· Graduate and Postdoctoral Advisors. A list of the names of the individual's own graduate advisor(s) and principal postdoctoral sponsor(s), and their current organizational affiliations. 

Thesis Advisor and Postgraduate-Scholar Sponsor. A list of all persons (including their organizational affiliations), with whom the individual has had an association as thesis advisor, or with whom the individual has had an association within the last five years as a postgraduate-scholar sponsor. The total number of graduate students advised and postdoctoral scholars sponsored also must be identified. 
The information in section (e) above of the biographical sketch is used to help identify potential conflicts or bias in the selection of reviewers. See GPG Appendix B, Potentially Disqualifying Conflicts of Interest for additional information on potential reviewer conflicts. 

(ii) Other Personnel

For the personnel categories listed below, the proposal also may include information on exceptional qualifications that merit consideration in the evaluation of the proposal. 

(a) Postdoctoral associates 

(b) Other professionals 

(c) Students (research assistants), Tim Ngo, other students?
(iii) Equipment Proposals

For equipment proposals, the following must be provided for each auxiliary user:

(a) Short biographical sketch; and 

(b) List of up to five publications most closely related to the proposed acquisition.
g. Budget 
KAA with help from DJM
Each proposal must contain a budget for each year of support requested, unless a particular program solicitation stipulates otherwise. Completion of the budget does not eliminate the need to document and justify the amounts requested in each category. A budget justification of up to three pages is authorized to provide the necessary justification and documentation specified below. Plus a ton of details.
