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$149,000 
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(757) 269-6255 (JLAB) 
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3. Project Background 

The requested funding was to support the experimental nuclear / particle physics program, 
“Selected Problems in NuclearMgh Energy Physics (SPINHEP)”, established at Hampton 
University in the spring of 1992. This program has been one of the four major research 
components of the Nuclearfigh Energy Physics (NuHEP) Center of Excellence at Hampton 
University which is funded under 1:he NSF Minority Research Center of Excellence Program. 
The research projects in this program provided excellent research opportunities for student 
education and training in forefront physics problems. They also provided a solid support to 
the goal of the NuHEP Center, that is to increase the pipeline of under- represented minority 
scientists to the nation. In a complementary way, the great support from the center has made 
the SPINHEP research program possible. Important support from the center includes a 
strong outreach program for student recruiting, organized coordination in the center’s 
research efforts a d  focus, compu1:er systems, and laboratory space. 

The supported medium energy physics research project includes (1) establishment and 
preparation of the approved hypernuclear experiments at the Thomas Jefferson National 
Accelerator Facility (nab); (2) continuation of our support to and participation in the 
hypemuclear experiments at Broclkhaven National Laboratory (BNL) and at the Laboratory 
for High Energy Physics of Japan (KEK); (3) continuation of support to complete the Muon 
Electron Gamma Rare Decay (MEGA) experiment at LAMPF; and (4) construction of a 
Total Internal Reflective Cherenkov detector to separate kaons from proton background for 
the hypemuclear experiments in Hall C at CEBAF. Our effort also includes development of 
new experimental technique and equipment which will be applied to these experiments and 
may be applicable to future new experiments at JLAB, BNL, and KEK (and future JAPSO). 

The thrust of the work is to explore the limits of conventional models of nuclear and 
particle physics. The research program is designed to: (1) investigate forefront problems in 
experimental nuclear / particle physics; (2) educate students in this field of research, 
especially encouraging minority students seeking higher education and research careers; and 
(3) establish a high quality expelimental instrumentation laboratory to provide a study and 
training base for students and to develop the instrumentation necessary to undertake 
experimental programs at JLAB and other laboratories. 

2 



4. Projec Summary 

Under this DOE funding, the experimental program described in this report now consists 
of two major approved experiments at Jlab: “Investigation of the Spin Dependence of the 
Effective AN Interaction in p Shell” (E89-009) which is tentatively scheduled to be 
completed in the fall of 1999 and “Direct Measurement of the Lifetime of the Heavy A- 
Hypernuclei at CEBAF’ (E95-002) which will be run in parasitic mode with E89-009. Also, 
a new experiment (E97-008) which attempts a directly observation of the spin-orbital 
splitting in the higher orbits with medium heavy targets was proposed and conditionally 
approved by nab PAC-12 in 1997. The condition for this experiment is simply to run E89- 
009 first and study the best possil>le energy resolution. Our experimental group at Hampton 
University has played a leadership role in the development and preparation of these 
experiments. The Principal Investigator (PI) of this grant is spokesperson and acting 
program coordinator for all three experiments. Establishment of Jlab experiments is our 
group’s main focuk 

Our group has also supported and participated in several other hypernuclear physics 
experiments or approved proposals at BNL Alternate Gradient Synchrotron (AGS) and KEK. 
Detailed justifications for these Experimental programs are contained in proposals to both 
accelerator advisory panels. The PI of this grant was invited to join a newly-formed (1996) 
U.S.-Japan Joint International Collaboration on Hypernuclear Physics which involves 10 U.S. 
and 8 Japanese scientists both in theory and experiment in this field. The goals of this 
collaboration are: (1)  to utilize tie unique characteristics of each of three different reaction 
mechanisms (K, z), (n, K), and (e,eyK), in probing different hypernuclear structures with high 
precision (resolution better than 2 MeV); and ( 2 )  to attack the unresolved issues in a joint 
and more complete manner, such as spin-spin and spin-orbital interaction strength and the 
charge symmetry breaking of the YN interaction. 

In addition as originally proposed in the grant proposal, our group also contributed in 
completing the MEGA experiment at LAMPF. 

Our detector development program established in the NuHEP Center has successfully 
constructed a large active area Liicite detector which uses a total internal reflection technique 
as a part of the kaon identification system for the nab Hall C SOS spectrometer. Its 
application in the first two experiments using the (e,e’K) reaction, E91-16 and E93-18 in 
1996, has proved its effectiveness to reject the proton background both on-line and off-line. 
We continued the program to develop new techniques and equipment associated with our 
Jlab experiments and possible future experiments at different national laboratories. This new 
work included developing: (1) a fission fragment detector with excellent timing and position 
resolution for the lifetime measurement of heavy hypernuclei and (2) new spectrometer 
systems for strangeness S= -1 or -2 hypernuclear programs at either hadronic facilities such 
as BNL and KEK (or JHF-50 the new Japanese 50 GeV proton accelerator) or electron 
facility (mainly CEBAF). The fission chamber has been built and tested by source in lab and 
it is now under beam test. The optical design of the S 2 S  spectrometer was presented in 
AGS-2000 Workshop (1996) and recently in JHF98 International Conference. 
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Under the support of this grant, the new DOE grant, and our Center funded by NSF, our 
group has developed to include: one PI, one research associate (postdoc), three Ph.D. 
graduate students. One graduate student is working on her thesis and the other two wiU have 
their thesis experiments done in 1999. Undergraduate students were also involved in our 
research work during summer as part of our outreach and science education programs. 

Generally, the goal of this research is to probe the limits of conventional models of 
elementary interactions or models where these interactions are imbedded within the nuclear 
medium. The nucleus is used as a strongly interactive rich hadronic many body system. The 
inserted "impurity", a strange particle or quark, is the probe to explore the perturbation of a 
known interaction by this environment. This is termed as "Hypernuclear Physicsyy, in which 
models of higher order interaction forces (such as multi-pion exchange) or of quark and 
gluon substructure, may be explixed more clearly. Such phenomena are usually described 
dominantly by a lower order single pion exchange picture in conventional nuclear physics. 
High quality expefiments and data are needed in this research area such as the hypemuclear 
experiments at Jlab which are our main effort. The instrumentation program is designed to 
apply new techniques to improve experimental results. It also serve as a student training 
base to enhance and enrich their experimental research capabilities and technical skills for 
career deveIopment. 
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5. Accomplishments (Ftmding Cycle 6/l/94 - 5/31/97) 

During this cycle, the HU group has accomplishments in all the proposed projects: 

I. Hypernuclear Physics Promam at Jlab 

E89-009: Investigation of the Svin Dependence of the AN Effective Interaction in 
the P Shell (L. Tang,, co-spokesperson) Approved with B+ priority 

The general goal of this hypernuclear experimental program is to investigate the 
properties of the A hyperon and the perturbation of its environment when it is embedded in a 
nucleus. This will be accomplished with the highest currently achievable energy resolution m 
the spectroscopy study. The initial studies are designed to extract the effective A-N 
interaction for pshell hypernuclei, helping to resolve the A-N interaction mechanism. In 
particular, this will illuminate the importance of AN-ZN coupling in nuclei. Eventually, we 
anticipate using the A as a probe of the nuclear interior by extending the study to heavier 
hypernuclear systems. 

Due to the absence of one: pion exchange (OPE) mechanisms, the A-N interaction is 
short ranged. Therefore, in the nuclear medium, the coupling of a lambda to a sigma, 
AN-+XN, and the three body ANN interaction (which all may be substantially equivalent) are 
important in determining the properties of a hypernuclear system. In addition, the strangeness 
degree of freedom allows the particles to rearrange themselves in order to maximize the 
nuclear binding energy. Thus, the studies of hypernuclear systems can emphasize different 
fundamental physics from conventional nuclear studies. For example, the hyperon spin-orbit 
interaction is smaller, and charge-symmetry-breaking is larger, than in a similar purely 
nucleonic system. Systematic studies comparing spectra from different reaction mechanisms 
are needed to understand the open questions. Furthermore, precise measurements of the 
properties of heavy hypernuclei can provide information about the interior of a nuclear 
system that is quite difficult to obtain by other means. 

The features of E89-009 include: (1) resolution of about 600 keV EWHM (a factor of 
three better than any precious measurements); (2) spectra from the (e,e’K+) reaction which 
have never been obtained previously; (3) spectra which include the excitation of the unnatural 
parity (spin flip) states due to the unique properties of the electro- or photo-production 
mechanism; and (4) production of isospin mirror-pair hypernuclei complementary to those 
produced by the (K-,z-) and (n+,K’) reactions for the charge symmetry breaking studies. 
Experimentally, E89-009 has a unique design which is the best way to study hypernuclear 
spectroscopy using the high quality, high intensity, and 100% duty factor electron beam at 
LAB. Cross-section is maximi;:ed by tagging on 0” scattered electrons (Q2=0), so a low 
beam energy can be used. 

It has been well recognized that it is the strong HU group effort that has made this 
experiment possible. As one of the “major Installation” experiments at nab, the experiment 
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is tentativery scheduled to be carried out in 1999. Number of students (graduate, 
undergraduate, and summer outreach program students) has involved in preparing this 
experiment. At !east one Harnpton University gaduate student will utilize this experiment for 
his or her Ph.D. Thesis. 

Our accomplishments include: 

(1) The group has finalized the design of the Hypernuclear Spectrometer System (HNSS) for 
the Jlab experiment E89-009 (see Fig. 1 ). The newly revised design will sipificantfy reduce 
the experimental installation and dismount cost (from over $200K down to $100K) and time 
(t'rom over 45 days to 35 days). This revision maintains all the features of the original 
proposed experiment. A detaiIed revision report was submitted to the Jlab Nuclear Physics 
Experiment Scheduling Committec:. A complete and systematic study of the HNSS optics 
was done and demonstrated the optimized way to operate the Hall C SOS spectrometer fbr the 
best resolution. The results show that ES9-009 can reach an energy resolution of about 650 
kzV which is significantly better than the original proposed resolution (1-2 MeV) in the first 
phase c f t fe  experiment. This result and our methods of a systematic study of a spectrometer 
system were published in a NIM paper. Our suggestion was accepted by Hall C and a vacuum 
extension which reaches i?s close i%S the first tracking drift chamber was built and irstalled 
before the two (e,e'K> experiments, E91-010 and E93-018. We completed a raytrace 
sirnukition of the sieve sIit calibral.ion and compared it with the rea! experimental sieve slit 
data. A sieve slit i s  a collimator made of a thick heavy metal with series of smali opening 
holes to define a set of specific angular distribution of pa?icle rays f x  the spectrometer 
optical caiibratior, and commissioning. The cornparisor, shows a good match except that the 
simulation &d not include the detector phase space volume limitztion. This means that the 
SO$ optical properties have reached its design. From this study we have generated a 
reconstruction code based on raytr'ace for SOS. It is used in the data analyses for the two 
(e,e'K) experirzems (E9 1-0 16 ar,d E93-0 18) and obtitined the best q-to-date resolut;.on. Our 
student is zow using the newest sicye slit data to find the best description of the SOS optics in 
order to generate a fina!ized mcmer?ttrm reconstntctior, code. This effort is to mzke E89-009 
cagable to reach 650 keV resolution and t~ obtain the data with rhe best quality which is 
extremely cfifficult to obtain by other facilities. 

(2) As we have proposed, the group has led the cotlaboration and played central role in 
completing the preparation of ES9-009. We have completed the preparation of the 
Eypernuclear Spectromeler System (HNSS), which is our responsibility. This includes (a) 
reefur'bishing and rnodifjing thc 65 tons Split-pole spectrometer done completely by our. 
group; (b) redesigning and building the new pole pieces for the Splitter magnet which we 
obtained from LBL; (c) compietiqg &e magnet test and mapping; (d) completing the Split- 
pole spectrometer support platform desig a d  construction; (e) completing the Splitter 
magnet support foundation design and construction; and (f) completing the preparation of the 
vacwn system. Thus, we have made the EYJSS system ready to be assembled for the 
experiment. We also coordinated t ne preparation of ail the other required key elements which 
were responsible by the rest of the collaboration. 
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TOP VIEW OF EXP89-009 APPARATUS 

Fig. 1. The top view of the experimental layout of the Jlab Hall C E89-009. 
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(8) BNL Hypernuclear Experiniental Collaboration meeting, during 1994 fntemztiond 
Codererice on Hypernuclear a d  Strangeness Particle Physics, Vancouver, Canda, July 
1994, “hRS and its ~odif ied version for the AGS new 2 GeVk beam line”. 
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(24) Unhwsity of Honston, Houston, TX, March 1987, “Search for Possible Nmow E- 
Hypemuclear States above Prcdvlctiion Tmshdd at AGS of QNL“. 
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