
Research Exp erience for Undergraduates in Ph ysics
This proposal seeksfunding to continue the REU summer program in Physics at Michigan State

University.

A Overview

For the last sixteen summers,a Research Experiencefor Undergraduates(REU) program hasbeenrun
by the Department of Physics and Astronomy and the National Superconducting Cyclotron Labora-
tory (NSCL) at Michigan State University (MSU). The program began in the summer of 1987 with
temporary funding from the NSF. In 1988 the program had no NSF funding and was operated, at
a reduced level, entirely with MSU funds. For the past fourteen years, 1989-2002,the program has
beenfunded by the NSF with matching funds from MSU, supporting approximately 20 students each
summer. The current proposal is a renewal proposal for the program for a three-year period. We
believe that our program has been extremely successfuland well-run and we intend to continue our
present organization and goals.

In this program each student is paired with a faculty supervisor and attempts to carry out a well-
de�ned 10-week research project in somearea of physics or astronomy. (In somecasestwo students
work under the supervision of one faculty supervisor, but in such caseseach student has a distinct
independent project.) The relationship betweenthe student and supervisor is quite like that between
a new graduate student and a Ph.D. supervisor. The student becomesa full-
edged member of the
professor'sresearch group; there is usually extendeddaily contact with the faculty supervisor and the
graduatestudents and post-docsin the group. In addition to individual research, there is a full schedule
of weekly seminars,social activities, and tours of research facilities. At the end of the program, each
student makesan oral presentation and preparesa written report.

The students receive a stipend ($3300in 2002), lodging in Owen Graduate Dorm and partial meal
expenses,and substantial reimbursement of travel expenses.

The main goal of the program is to bring the excitement of forefront research to bright undergrad-
uate students, particularly those who do not ordinarily have accessto research activities. Especially
targeted are women and minorit y students and students from small midwestern collegesthat do not
have vigorous research programs. During the previous grant period (2000-2002)the averagenumber
of women students was 7 per summer; 4 minorit y students participated during the past 3 summers.

The co-PI's for the previousgrant period wereProfessorsDaniel Stump and WolfgangBauer. They
had additional help in administering the program from Prof. Paul Parker (emeritus). The co-PI's on
the current Proposal are again ProfessorsDaniel Stump and Wolfgang Bauer. Prof. Stump, who is
currently Associate Chairperson for the Undergraduate Program in the Department of Physics and
Astronomy, will be responsible for the primary administration of the program, as he has beenfor the
past three years. Prof. Bauer, who is currently Chairperson of the Department, has been a co-PI of
the REU program at MSU for the last eleven yearsand will continue to be involved in the program.

The current proposal includes partial summer salary support for Prof. Stump. However, no sec-
retarial expensesare charged to the program. Supplies, services, computing resources,and space
required by the students for their research will be provided by the faculty supervisorsand the physics
department.

B Studen t Research and Other Activities
B.1 Studen t Pro jects
SAfter the recruitmnet and selectionprocess(seeSec.C) approximately 20 students will have beenad-
mitted to the program. The task of matching the students to faculty mentors requires somecomplex
logistics. Over the yearsof the REU program a standard procedurehas developed. The MSU Depart-
ment of Physics and Astronomy has 56 faculty members, and over one-half of the faculty volunteer
each summer to take on an REU student. Each potential mentor submits a short description for oneor
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Table 1: Student projects by research �eld.

year nuclear condensed high ener gy astr o-
expt theor y matter physics

2000 4 4 6 2 2
2001 9 1 4 2 4
2002 15 1 4 0 1

more research projects. About 6 weeksbeforethe start of the summerprogram, the students who have
beenacceptedinto the program are sent a document describing � 30 possibleresearch projects and the
namesof the corresponding faculty mentors. The students are asked to state their top 3 preferences.
Somestudents phone faculty to ask for more information about projects before picking their choices.
Our experiencehasbeenthat most students (roughly 75%) are assignedto their �rst choice,and most
of the rest are assignedto their secondchoice. A few students do not receive either of their top two
choices,but even thesestudents are usually assigneda project within their stated interest area. Based
on past experience,we expect every student to have a good project.

The � 20 students work on a wide variety of projects within the main research groups in the
department|n uclear physics, condensedmatter physics, high-energyphysics, and astrophysics. Also,
there have beenprojects in acceleratorphysics,acoustics,medical physics,and physicseducation. The
majorit y of projects are experimental, but there are also theoretical projects every summer. Table 1
shows the number of students in each research �eld for the most recent grant period (2000 { 2002).
Each student has a distinct independent project.

The National Superconducting Cyclotron Laboratory (NSCL) has supplied many REU projects in
nuclear physics during the 16 years of the MSU REU program. The availabilit y of projects in this
�eld has increasedrecently as the coupledcyclotron project was inaugurated in 2001. This is re
ected
in the increased number of nuclear projects in 2002. Many students apply to the MSU program
speci�cally becausethey want to do research in nuclear physics,and we accept many students for this
�eld becauseof the availabilit y of the NSCL. Related �elds (accelerator physics and radiation safety)
have alsoprovided REU projects. The presenceof this large national research facilit y on the university
campus provides an unusual opportunit y for an REU program. Of coursewe also continue to o�er
projects in the other �elds of physics: REU is consideredto be a department-wide program.

In recent summers,somefaculty supervisorshave taken two REU students. The philosophy of the
MSU program is that each student must have a distinct project, so where two students are working
in the same lab they have independent projects. Such casesgenerally involve large research groups
so the two REU students may be working with di�eren t people within the samelab. We have found
that this \doubling-up arrangement" is bene�cial to the REU students becausethey have day-to-day
interactions on physics with another REU student.

Throughout the summer the faculty administrator of the program conducts informal interviews
with students and faculty supervisors to keep track of student activities and to hunt for potential
di�culties. Casesin which a student is dissatis�ed with the research work have been rare, and our
experienceat MSU has beenthat those rare casescan be resolved to the satisfaction of the student.

B.2 Group Activities
Although the students work on individual projects, it is absolutely essential for them to live, work,
and play as a group as much aspossible. Group camaraderieis necessaryfor high morale and for easy
communication amongthe students. Also, it fostersa healthy senseof competition. The students work
hard in part becausethey want to make a good �nal presentation in front of their friends.

All students are housedon the same
o or of the Owen Graduate Center, a dormitory located across
the street from the Cyclotron Laboratory and a 5-minute walk from the Biomedical and Physical
SciencesBuilding (home of the Department of Physics and Astronomy). The cafeteria in Owen is
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Table 2: Faculty seminarsfor REU students in 2001and 2002.

Date Lecturer Title

Summer 2001
June 8 M. Thorp e A Physicist Looks at Biochemistry
June 15 G. Hansen Experiments at Large Accelerators
June 22 D. Weliky NMR as a Probe of Solid State Structure
June 29 N. Birge Resistanceof Thin Films of Bi at Low Temperature
July 6 Ph. Duxbury Statistical Physicsand Complex Systems
July 13 Wm. Pratt Giant Magnetoresistancein Magnetic Multila yers
July 20 M. Harrison Theory of Auditory Thresholds in Primates
July 27 R. Miller High Energy Physics in the Next Decade
August 3 W. Bauer PhaseTransitions in Nuclei
Summer 2002
June 7 M. Thorp e Molecular Biophysics
June 14 E. Loh The Spartan Infrared Camera
June 21 W. Bauer PhaseTransitions in Nuclei
June 28 G. Bollen Ion Traps { by Storageto Precision
July 5 T. Glasmacher Nuclear Structure at the NSCL and RIA
July 12 D. Stump The Parton Structure of the Nucleon
July 19 T. Baumann Halo Nuclei
July 26 B. Tsang Probing Nuclear Matter with Heavy Ions
August 2 S. Pratt Melting the Vacuum with Heavy Ion Collisions

often frequented by faculty and sta� from the Cyclotron Laboratory.
Every Friday morning the students gather for a one-hourseminar given by a faculty member. The

seminar seriesis designedto give the students a broad perspective on all major areasof physics. The
seminar schedulesfor 2001 and 2002 are listed in Table 2. The speakers, experimentalists as well as
theorists, present talks on current research in nuclear physics, condensed-matterphysics, biophysics,
and fundamental theoretical physics. The variety of up-to-date topics in Table 2 is typical of the
summer seminar schedule for REU students. The weekly gathering of the students also provides a
convenient opportunit y for announcements and planning of the coming weekend's activities.

Throughout the summer special recreational events are scheduled. For years REU students have
attended the Summer Circle Theater plays, at an outdoor stage on the MSU campus, together as a
group. Sports activities have included weekly volleyball and soccer games,either organized for the
REU students by graduate students in the physics department or by the REU students themselves.
There is an annual basketball game of REU students versusphysics faculty; the photograph is from
2002.
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Saturday evening there may be a BBQ at the houseof a faculty member, with food and activities
usually arrangedby the students. Expensesfor theseBBQ's, which are regardedaspart of the students'
stipends,are covered by the program and appropriately budgeted. A number of special activities can
be arranged. An REU tradition is to spend one weekend canoeing at a nearby river. In 2002, the
combined REU programs in Physicsand Chemistry spent oneSaturday, early in the summer,at Cedar
Point Amusement Park|an \ice-breaker" activit y for the students to get to know oneanother. In 2000
and most prior years,a �eld trip to Fermilab has beenarranged; MSU faculty and post-docs conduct
tours of the accelerator ring and detector facilities. Fermilab is a 5-hour drive from MSU, so the trip
requires staying overnight one night. The Fermilab trip has been a prime activit y of the program.
However, it was not possiblein the past two years; in summer 2002the physics department moved to
a new building which disrupted a number of activities. For the future of the MSU REU program it
will be necessaryto reinstate the Fermilab trip, becausestudent feedback is always very enthusiastic.
Also in 2002 there was a joint reception with the REU students from Notre Dame University, who
were visiting the NSCL on the MSU campus.

Student morale among the MSU REU students is very high, basedon interviews, questionnaires,
and students' comments. A tangible group spirit develops, even though the individuals are working
in di�eren t labs. (The photo above shows the 2002 group at the end of the �rst day of student
presentations, in the atrium of the new Biomedical and Physical SciencesBuilding.) The sports, trips,
and other recreational activities are important to create this atmospherein the short ten-weekperiod.

B.3 Final Pro ject Rep orts
Oral presen tations. During the last weekof the program, each student givesa 15 to 20 minute oral
presentation of the research she or he has done and submits a 10-pagewritten report. Prior to the
talks, the students are instructed on proper presentation format and are told to practice and time their
talks before critical peers. The quality of the presentations is usually high and quite often excellent.
Today most students prepare PowerPoint presentations showing their apparatus and scienti�c results.
The talk may be presented on transparencies,or by projection from a laptop computer; the latter
method will no doubt becomecommon in the future. The faculty mentors are familiar with the useof
PowerPoint for scienti�c talks, so they train their REU students in this technology.

Poster session. In Summer 2002, the Physics REU program participated in a poster sessionor-
ganized by the MSU REU program in Chemistry. The quality of the physics posters was very high
becausestudents could usea color posterplotter at the cyclotron lab to maketheir postersby computer.
Participation wasoptional for the physicsstudents (about half the physicsstudents madeposters) but
becauseposter sessionsare common at scienti�c conferenceswe will encouragefuture REU students
to participate in this activit y.

W ritten rep orts. Each student hands in a 10-pagewritten report on his/her research project. The
students' written reports were included in the REU annual reports in the past, and have beenput on
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the REU web site in recent years. Every summer someof the projects have resulted in publications.
(The list of publications for the period 2000-2002is given in Section E.) Writing the �nal report, with
�gures, equations, and graphs, is a major undertaking for any REU student. We have consistently
found that the students take this very seriously, and generally turn in excellent reports. This is a
valuable educational experience,both for learning to describe a research project and for learning the
mechanics of preparing a document with electronic �les, graphics, etc.

B.4 Studen ts and Pro jects in Summer 2002
To show the wide variety of research opportunities for REU students at MSU we list the students,
faculty mentors, and project titles of the most recent summer institute.

� Brian Nett (Michigan State UNiversity) supervised by Wm. Lynch;
Laser Based Alignmen ts System for the High Resolution Arra y

� Tim McArdle (University of Il linois) supervised by S. Tessmer;
Scanning Tunneling Microscop y

� Melanie Evanger (Concordia College) supervised by M. Thoennessen;
MoNA: The Mo dular Neutron Arra y

� Elizabeth Janus (Haverford College) supervised by G. Bollen;
Beam Steering for the LEBIT Pro ject

� Chris Phelps (Lawrence University) supervised by B. Sherrill;
Particle Tracking in the S800 Spectrometer

� Diana Seymour (Harvard University) supervised by Wm. Lynch and B. Tsang;
Determining the Source Size in Heavy Ion Collisions

� Kathleen McElroy (Seton Hall University) supervised by B. Sherrill;
Measuremen t of Fragmen t Transmission in the A1900 Fragmen t Separator

� Clark Ritz (Carleton College) supervised by J. Bassand Wm. Pratt;
CPP-MR in sputtered Co based exchange-biased spin valv es

� Mik e Santonocito (Michigan State University) supervised by A. Brown;
Gamma Decays in Neutron-Ric h Nuclei

� SeanMcDaniel (Lin�eld College) supervised by V. Zelevinsky;
Angular Correlations between Halo Nucleons in Li-11

� JessicaUscinski (Wil liam and Mary) supervised by S. Zepf;
The X-ra y { Globular Cluster Connection in NGC 3256

� JosephOtt (Univ. of Wisconsin { River Falls) supervised by N. Birge;
Filtering Electromagnetic Noise in a 3He � 4He Dilution Refrigerator

� Zach Burton (Kalamazoo College) supervised by D. Morrissey;
The LEBIT Gas Stopping Station

� StephanieRigot (Albion College) supervised by T. Glasmacher;
Position Determination of Photon In teractions in Segmented Ge Detectors

� Paul Thacker (Transylvania University) supervised by H. Schatz;
Measuring the Half-life of the R-Pro cess Nucleus 137Sb

� TyeishaHughes(Spelman College) supervised by P. Mantica and A. Stuchbery;
Feasibilit y Limits in Nuclear Momen t Measuremen ts
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� WesHitt (Vir ginia Commonwealth Univ.) supervised by M. Thoennessen;
Energy Reconstruction with the Sweeper Magnet Focal Plane Detector

� Dawn Zoch (University of Michigan) supervised by R. Ronnigen;
Radiation Detection

� Mik e Skoby (University of Minnesota at Morris ) supervised by S. Pratt and P. Danielewicz;
Using Balance Functions to Lo ok for Quark-Gluon Plasma

� Katie Hinko (Ohio State University) supervised by G. Westfall;
STAR Data Analysis of 200 GeV Proton-Proton Collisions

C The Research Environmen t
C.1 Ph ysics Research Activities at MSU
The Department of Physicsand Astronomy at Michigan State University has vigorous undergraduate
and graduateeducationprograms,and major research activities on campus. The Department currently
has53 faculty members, about 140graduate students, and about 120undergraduatemajors. External
research grant support exceedsM$20/y ear (this includes the M$15/y ear NSF operating grant for the
NSCL). The Department graduates 15 to 25 undergraduate physics and astronomy majors per year,
many of whom go for graduate study. About 30%of the undergraduatephysicsand astronomy majors
actively participate in research projects.

C.1.1 Astronom y/Astroph ysics

The astronomy group has 7 members (6 observers and 1 theorist) and receivesabout $350K per year
in external funding. Research activities of the group include observations and numerical modeling
of the structure, dynamics, and oscillations of the Sun, studies of low-metallicit y stars and the early
dynamical and chemical history of the Galaxy, photometry of pulsating stars, photometric measure-
ments of galactic redshifts to derive the cosmologicalconstant, and studiesof nuclear activit y and tidal
interactions in active galaxies. The MSU Observatory housesa research-grade24" re
ecting telescope
equipped with a CCD imaging detector and a spectrograph. Most astronomical data analysedat MSU
are taken at the Wyoming Infrared Observatory, Kitt Peak, Chile, Mauna Kea, the Very Large Array,
and the Hubble SpaceTelescope. MSU is a partner in the SOAR project to build a 4-meter re
ecting
telescope at Cerro Pachon in Chile.

C.1.2 Condensed Matter Ph ysics

The CondensedMatter Physics (CMP) group consistsof 10 experimentalists and 7 theorists. They
publish about 50 papersper year and have about $2.0M per year in grants from the federalgovernment
and the State of Michigan. CMP research ranges in scope from single-investigator research projects
performedby a singlegraduatestudent with his/her supervisor, to large interdisciplinary collaborations
involving faculty from several departments. Currently there are several ongoing collaborations with
faculty in Chemistry, Biochemistry, and Engineering. CMP experimentalists bene�t from a number
of shared facilities, most notably the Keck Microfabrication Facilit y supported mainly by the Center
for SensorMaterials. The Keck facilit y contains equipment for the fabrication and characterization
of a wide variety of nanostructures. The facilit y includes two scanning electron microscopes, one of
which is usedexclusively for electron-beam lithography, a mask aligner for optical lithography, and a
multi-purp oseScanningProbe Microscope.

Research in the CMP group covers many di�eren t sub�elds of condensedmatter physics. Rec-
ognized strengths of the group include: 1) the structure and properties of disordered systems,such
as glasses,semiconductor alloys, and layered materials; 2) quantum transport and tunneling in low-
dimensional and mesoscopicsystems;3) magnetism and transport in magnetic multila yers; 4) growth
and characterization of wide-bandgapsemiconductorssuch as diamond; and 5) non-equilibrium phe-
nomena, such as large 
uctuations or nucleation and growth. There are also independent research
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programs in acousticsand liquids. Other research directions are rapidly evolving, such as biological
physics and optimization methods.

C.1.3 High Energy Ph ysics

The high-energy physics (HEP) group consists of 8 experimentalists and 6 theorists. Recently , the
group has received external support of $2.0M/y ear. Although experiments in HEP take place o�
campusat national laboratories, there are many projects on campus: detector equipment is developed
and assembled on campus,and also data from experiments are analyzedon campus. REU projects in
HEP are done at MSU.

There are currently three major experimental research activities. (i) Experiment D� at Fermilab:
The MSU group designedand constructed major portions of the calorimeter and hardware and soft-
ware triggers for the D� detector, which explores the massregion that the Tevatron collider makes
available. (ii) Experiment CDF at Fermilab: The CDF detector takes data simultaneously with the
D� experiment, and the two experiments sharemany physicsaims. The D� and CDF collaborators at
MSU have participated in many quantum chromodynamics (QCD) studies using data from the Teva-
tron collider. They also have major involvement in the upgradesof the two detectors for Run 2. (iii)
Atlas experiment at the LHC at CERN: The Large Hadron Collider, which is under construction at
CERN, will provide very high energybeamsat extreme intensities to search for the elusive Higgsboson
and for new particles such as supersymmetric partners of normal particles. The MSU group is part of
the Atlas detector collaboration, and they are playing a substantial role in the designand construction
of \tilecal"|an iron-steel calorimeter with scintillating �b er readout. This work has taken place at
MSU and involved many undergraduate students. Also, the MSU group has a shared responsibilit y
for portions of the Level 2 trigger.

Current theoretical interests center around phenomenologicalstudies of QCD and electroweak in-
teractions. Faculty, graduate students, and post-doctoral research associates are involved in a variety
of topics relevant to current experimental research at Fermilab, DESY and CERN, and future research
at the LHC. Many of the theorists and experimentalists at MSU belong to the CTEQ collaboration,
whosepurposeis to extend the comparisonbetweendata and theory in high-energyphysics. A partic-
ular strength is in the development of the CTEQ parton distribution functions, which are widely used
to predict crosssectionsat hadron colliders.

C.1.4 Nuclear Theory

The nuclear theory group has �v e faculty members, four of whom hold joint appointments in the
Department of Physics and Astronomy and in the National Superconducting Cyclotron Laboratory.
The �fth nuclear theorist works exclusively on ultra-relativistic heavy ion collisions and has no NSCL
appointment. The group is supported by two NSF group grants, for a combined k$500/yr.

The group's activities concentrate on areas of new experimental development, where theoretical
guidance is needed. In particular, the physics of rare isotope facilities (such as the upgraded NSCL
or the future RIA project) receives strong attention. The group has made seminal contributions to
the theory of nuclear structure and nuclear reactions. The shell-model theory of nuclear structure has
beenextendedand applied to a wide variety of problems. Reaction models include the application and
development of a semiclassicalextension of the Boltzmann equation appropriate for fermion systems,
which is now a cornerstonein studies of the space-timedevelopment of heavy ion reactions.

Current research interests include studies of the properties of nuclear and hadronic matter under
extreme compressionand temperature, the properties of exotic nuclei leading to new aspects of the
nuclear many-body problem, the use of nuclear structure to measurefundamental interactions and
to test the standard model of weak interactions, and theoretical studies of heavy-ion collisions and
detection of the quark-gluon plasma. Particular areas of specialization include particle production,
collective 
o w, and two-particle interferometry.

Other research topics that have beenpursued by this group recently include classicaland quantum
chaos,self-organizedcriticalit y, and biomedical physics.
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C.1.5 Exp erimen tal Nuclear and Accelerator Ph ysics

The experimental nuclear and acceleratorphysicsgroup consistsof 14 faculty who work in the National
Superconducting Cyclotron Laboratory (NSCL). This program was rated second in the nation in
nuclear scienceby Newsweek magazine. The NSCL is funded by the NSF and is a national users
facilit y hosting over 200 scientists yearly from around the world. Experiments run 24 hours a day, 7
days a weekusing two superconducting cyclotrons and a large array of ancillary equipment. Nearly all
of this state of the art equipment was designedand built in the laboratory by NSCL students, sta�,
and faculty. The cyclotrons produce beams of ions from hydrogen to uranium with speedsfrom 10
to 60primary use is to produce and study extremely unusual nuclear isotopes. For these studies, the
NSCL has capabilities unique in the world at the present time.

The experimental nuclear physicsgroup studies the properties of nuclear material and the in
uence
of nuclear properties on astrophysical environments. The nuclear structure studiesare mainly centered
on the A1900fragment separatorwhich can be usedto separateand identify a very wide rangeof nuclei
including very neutron- and proton-rich species. Reactions with secondarybeamsof unstable nuclei
are also being studied. The nuclear astrophysics studies concentrate on the origin of the elements
and the properties of neutron stars. The experimental equipment includes a three story magnetic
spectrometer that is used for distinguishing the �nal states produced in nuclear reactions. Nuclear
reaction studies are aimed at determining the properties of hot nuclear matter at densities di�eren t
form those found in normal nuclei. Large detector arrays are used to characterize collisions between
fast moving heavy nuclei. Recent work has studied the low of nuclear matter in these collisions and
the apparent temperature during the expansionstageof the collision.

Currently , the facilit y has just completed a nearly 20 million dollar upgrade and �rst experiments
are being performed. With this upgrade, the rare isotope beam intensities have increasedby a factor
of 1000,and higher energyheavier beamslike uranium are available.

The acceleratorphysicsprogram at the NSCL derivesfrom a long history of acceleratorstudy and
designat MSU. Cyclotrons have beendesignedand built at MSU for thirt y years,including the world's
�rst superconducting accelerator, the K500 cyclotron. There are two components to this research.
One is the theoretical understanding of the dynamics of charged particles in acceleratorsusing highly
developed computer codes. The other is the actual construction of the devicesand their operation. A
large e�ort is now underway to designand test components for the Rare Isotope Accelerator project,
which will be the next generation facilit y to study rare isotopes. Besidesacceleratorsfor useat their
own laboratory, NSCL scientists are working on machines for cancer therapy and other applications,
and collaborating with scientists from other laboratories in developing instruments for their use.

C.2 Description of MSU Con tribution to the Program
We seekrenewal funding from the NSF for 15 students each of the three yearscoveredby this proposal
(at a rate of about $5965/student which includes 25% overheadon students' stipends). In addition,
we request partial summer salary support for the PI to administer the program.

The National Superconducting Cyclotron Laboratory (NSCL) commits the time of typically 10
faculty/sta� members who superviseREU students during each summer program.

The Department of Physicsand Astronomy and the Collegeof Natural Scienceat MSU have agreed
to an institutional contribution to support a total of 4 students per year. In addition, secretarial work
for administration of the program will be paid for by the Department of Physicsand Astronomy.

The Center for Fundamental Materials Research (CFMR) has committed funds for two additional
students. Thus, with thesecommitments plus the NSF funding, we will be able to continue to support
about 21 students per summer as we have in the past.

C.3 Quali�cations of the Principal In vestigators
Associate ProfessorDaniel Stump is high-energy theorist. His recent research interests in high-energy
theory concern phenomenologyof QCD and electroweak interactions, resummation of higher-order
QCD interactions, and global analysisof parton distribution functions. Another recent research interest
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is pedagogicalexamples in basic electromagnetic �eld theory, on which he and his colleagueG. L.
Pollack have published three papers in the American Journal of Physics. Profs. Pollack and Stump are
the authors of a new intermediate-level textb ook, Electromagnetism, published in 2002 by Addison-
Wesley.

Prof. Stump has been teaching physics at MSU since 1980. He has taught a variety of courses,
at all levels (intro ductory, intermediate, and graduate). Twice he was awarded the annual \fa vorite
teacher award" by the graduate students in the Department, for two di�eren t courses.In addition to
traditional university courses,he hasgiven summercourseson physicsfor high-school scienceteachers,
and a course on mathematics and physics for highly talented high school students. He is currently
Associate Chair and Director of UndergraduateProgramsin the Department of Physicsand Astronomy
at MSU.

Prof. Wolfgang Bauer is a theorist whosediverseresearch interests include nuclear reactions, non-
linear dynamics, and chaos. He haspublished over 90 papers in refereedjournals, given over 60 invited
talks at national and international conferences,and holds a 1998 patent in medical physics. He has
a joint appointment in the Dept. of Physics/Astronomy and the National Superconducting Cyclotron
Laboratory. He currently servesas the Chairpersonof the Department of Physicsand Astronomy.

In his fourteen years at MSU, Bauer has taught numerous undergraduate as well as graduate
level classes. Prof. Bauer has been an active advocate of physics education at all levels; he was a
state supervisor for the Michigan ScienceOlympiad for nine years; he is a faculty mentor for the
Michigan High School Honors ScienceProgram; he is the physics faculty representativ e for the MSU
program for gifted middle school children; he administers a scholarship program between Michigan
State University and the \Studienstiftung des Deutschen Volkes", a German scholarship foundation
for graduate students; he hasbeenAssociate Chair for the Undergraduate Program of the department.
His educational activities also include the construction of two freshman-level intro ductory physics
classeson the internet for the Virtual University at MSU. He has beenthe co-PI of the current REU
program at MSU for the last eleven years.

D Studen t Recruitmen t and Selection
D.1 Adv ertising
Advertising for the program is to physics departments nationwide with special emphasison midwest-
ern collegesand collegeswith large enrollments of minorities or women. Over the years we have
compiled lists of about 380 undergraduate schools in the following categories:minorit y, women, mid-
western, and all other. A mass mailing is sent out during the fall preceding the summer program.
All 380 schools are sent a poster advertising the program. The poster points to an internet web
page (http://www.pa.msu. edu/r eu) where the application processstarts. To increasethe number
of minorit y applicants, MSU faculty members have made phone calls to a personal contact or the
chairpersonat a minorit y school and asked for help in identifying promising students. This approach
has beensuccessfulin the past to obtain minorit y student participation.

D.2 Eligibilit y
To be eligible for the program, students must have completed their intro ductory physics coursesand
have taken or be enrolled in at least one upper-level physics course. These entrance requirements
are necessarysinceall the student projects involve forefront research. Students apply to the program
by completing the application form on the web site; and they must arrange to have an o�cial grade
transcript and at least one letter of recommendationfrom a professorsent to the REU administrator.
They are also asked to volunteer their ethnic origin on the web pageapplication form. They can also
indicate any special interests (experiment versus theroy, and choice of research �eld); or, they may
specify that they would be interested in research in any �eld.
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Table 3: Statistics on student applications for the the REU program in Physics at MSU.

year tot al applicants W omen Minorities Offers Accept ances

2000 189 56 11 26 18
2001 133 41 10 44 20
2002 209 50 11 34 21

Table 4: Statistics for the MSU REU program and the geographicaldistribution of the students.

Year Students Women Minorities MSU Midwest
�

South East West

1995 22 8 (36%) 3 (14%) 0 not available
1996 21 5 (24%) 5 (24%) 1 12 4 2 2
1997 22 8 (36%) 4 (18%) 2 9 2 7 4
1998 22 7 (32%) 1 ( 5%) 4 11 2 3 6
1999 18 9 (50%) 1 ( 6%) 3 10 4 2 2
most recent grant period
2000 18 9 (50%) 1 ( 6%) 4 8 1 6 3
2001 20 4 (20%) 1 ( 5%) 2 14 1 3 2
2002 21 9 (43%) 2 (10%) 2 13 4 3 1

�

Illinois, Wisconsin, Ohio, Michigan, Indiana, Minnesota

D.3 Selection Pro cess
The numbers and demographicsof student applications for the past three yearsare listed in Table 3.
The number of applications (� 200/yr) has been 10 times larger than the number of places(20/yr).
Approximately 60% of the applicants were juniors, 30%sophomores,and the rest seniorsor freshmen.
Of the applicants, 28%werewomen,and 6% wereminorit y students (1.5% African American, and 4.5%
Hispanic). We believe that one reasonthe number of applicants is so large is due to word-of-mouth
advertising that results from a sustainedsuccessfulprogram run over many years.

Deciding which students to select from such a large pool of applicants is a challenge. Standard
procedureshave evolved over the yearsof the REU program. In the �rst cut we reject most students
with GPA's less than 3.2. This typically reducesthe number of candidates to about 100. We then
prepare a rank-ordered list of the top 50 students, most of whom have GPA's above 3.5. In preparing
the �nal list we must maintain a spreadin student interests, as well as geographicaland ethnic origin.
In the �nal selection,particular weight is given to the letters of recommendationand evidenceof the
student's maturit y, drive, and creativit y. Applicants from MSU are given no special consideration.

O�ers are made to the candidatesby e-mail, letters, or phone calls, starting at the top of the list
and working down. The candidate is given a de�nite deadline (usually 4-7 days after the o�er) to
accept or decline the o�er. The decision whether to accept our o�er is painful for many candidates,
becausethey have applied to other summer programs that have di�eren t deadlines. In the 3-years
period of 2000 { 2002, 104 o�ers were tendered, and at the end of the process59 students attended
our summer institutes.

Table 4 lists the statistics for student participants, separatedinto women students, minorit y stu-
dents, and by geographicdistribution, for the three-year period of the most recent REU grant (2000-
2002) as well as the previous �v e-year period (1995-1999). Over the most recent funding period the
percentage of women participants was 36%, and the percentage of minorit y participants was 7%. The
percentagesfrom each geographicalregion were: Midwest 59%, South 10%, East 20%, West 10%.

The competition among summer internship programs for top students, especially women and mi-
norit y students, is intense. The top women and minorit y applicants for the MSU program have been

10



truly outstanding and we have often made o�ers to them (with no deadline) as soon as we received
their applications. They generally received multiple o�ers from other programs.

E Pro ject Evaluation and Rep orting
The REU program at MSU has several purposesand goals. From the viewpoint of the research
supervisors, one purpose is to provide capable students who can work and accomplish useful results
in the supervisor's research program. From the viewpoint of the student, the purposeis to experience
research �rst hand, and perhapsto help decidewhether to pursuegraduate school leading to a careeras
a research scientist. From the viewpoint of the physicsdepartment, one purposeis to aid in recruiting
graduate students. To evaluate the successof the REU program, all of thesegoalsmust be considered.

E.1 Studen t Accomplishmen ts and Learning
The �nal reports|oral and written|are the best way to evaluate the accomplishments of the REU
students. Faculty supervisors attend the talks, and they are the best judges of the level of successof
the research projects. Both oral and written reporst are generally excellent. Since most of the REU
students have not previously beeninvolved in a research project at the forefront of physics, it is quite
impressive that many of them do achieve useful research results in the limited 10-weekperiod.

All the activeresearch groupsin the department present projects for REU students. In any summer,
approximately 20 faculty act as REU supervisors. These menotrs return to the program year after
year, in somecasestaking REU students every summer. The fact that there is continuing widespread
faculty support for the program implies that the REU students are accomplishinguseful work for their
supervisors.

This is probably the most important evaluation of the successof the REU program|that many
experiencedfaculty mentors continue to seekthe participation of REU students in their laboratories.

E.2 Follo w-up contacts and studen t questionnaires
In the REU program at MSU, concertede�orts are made to get feedback from the REU students and
their faculty supervisorsat the end of each summerprogram. In the past we have tracked the progress
of REU students until they entered graduate school or employment. Two reasonsfor maintining
contact with the students are to recruit them for graduate school at MSU, and to obtain advice from
them on ways to improve the REU program.

At the end of the summer program, the faculty are asked to comment on the performanceof their
REU students, especially the seniors(i.e., those students who will graduate the next spring and who
will be applying to graduate school in the fall and winter after their REU internship). The Department
is naturally eagerto recruit theseexcellent students for its own graduate program, and the comments
of the faculty are given large weight in deciding which students will be o�ered guaranteesof admission,
assistantships, and fellowship support should they apply to MSU.

Typically 10of the REU students (i.e., most of the seniors)each yearare contacted by the Graduate
Recruiting Committee of the Department, and by their REU supervisors,to be informed about applying
for admission and support for gradaute school. Students who enter their junior year after the REU
program are not yet ready to apply to graduate school, but they will be contacted the following year
when they are seniors.

On the averageeach year two of the students chooseto pursue graduate studies at MSU.

E.3 Studen t Response to Questionnaire
At the end of the summer program, students are asked to �ll out a questionnaire concerning the
strengths and weaknessesof the MSU program. The main purposeof the questionnaire is to evaluate
the quality of the student experience. The student comments on the questionnairehavebeenextremely
positive. Among the strengths most often cited by the students are the usefulnessof the program in
crystallizing their own goals, the social activities and group spirit, and the �eld trips, especially the
trip to Fermilab. Two recurring negative comments werethat somewanted a higher stipend and many
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Table 5: Ratings by students of the MSU REU program (2000 questionnaire)

aspect of pr ogram avera ge grade (0-4 scale)
Field trips 2.98
Faculty seminars 3.56
Project 3.81
Advisor 3.71
Student Morale 3.32
REU program, overall experience 3.76

wished that they had more time to learn the research activities of the other groups, especially after
they have seenthe presentations of the other students in the last week.

The questionnaire used in the past few years consistedof two parts: a Table where the student
was asked to assign a numerical \grade" to various aspects of the program (from lowest grade 0 to
best grade 4); and a few open-endedquestions. The questionnaire is voluntary, and the student may
ask that his or her comments be kept anonymous. Thirteen students responsedto the questionnaire
in 2000,and the numerical gradesare summarized in Table 5, which givesthe averagegradesfor �v e
aspects of the program. From these results, and questionnairesof other years, we conclude that the
students have a very good experienceat MSU.

The open-endedquestionsask students to describe their likesand dislikesabout the program, and
elicit recommendationsfor change. The �nal question is whether the REU program has a�ected the
student's plans for a career in science.The question reads: \Ho w has the REU program a�ected your
plans for your future career in science?For example, has this experiencehelped you decide whether
to go to graduate school?" Someanswers from students in the summer, 2000:

\I am still interested in physics careerand grad school. Possibly MSU."

\It has helped me in deciding what area of physics to pursue."

\It has helped me in deciding what area of physics to pursue."

\Rea�rmed my goalsas a particle theorist."

\It helped convince me to study theory as opposedto experiment in grad school."

\I have always wanted to go t grad school, now I have a better idea o what the working
envoronment should be like."

\It did help encourageme to go to grad school in physics,but I wasalready planning this."

The purposeof the questionnaireshas beentwo-fold: to evaluate the students' level of satisfaction
with the various program activities, and to �nd out how the program has a�ected the student's view
of science.

During the next grant period we will change the questionnaire to make it more systematic, and
include more details on the students' attitudes toward a career in science. The questionnaireshave
not been done every year of the program; and they were voluntary, so not every student responded.
They have shown us that the program is working well. In the future we will try to obtain more speci�c
information on how the REU program has in
uenced the students' goals in science.

12



E.4 The REU program as a conduit to graduate school
From follow-up contacts with our REU students, especially a thorough survey conducted in 1994,we
may estimate that approximately 80%of REU students go on to graduate study in physicsor a related
�eld. The percentage is about the samefor minorit y students, women students, and all students. We
believe that the REU program is an important way to develop students who will becomethe next
generation of American scientists.

We actively recruit REU students from our own program to apply to graduateschool at MSU. A few
of our own REU students each yeardo chooseto attend graduate school at MSU (t ypically � 2 per year
out of � 10 who are o�ered admissionand �nancial support). But more importantly , REU programs
nationwide are very important to our graduate program. We �nd that many of our American graduate
students have participated in an REU program somewhere.We often use letters of recommendation
from REU supervisors in making decisionson admissionto graduate school, consideringthat the REU
supervisor may have a more direct knowledge of the student's abilities than the student's classroom
instructors. Conversely, REU faculty mentors from MSU are often asked by their REU students to
write letters of recommendation for admission to other graduate programs. Participation in an REU
program such asthe MSU program hasbecomean important step in the educationof research scientists
in the U. S.

Particularly important is providing research opportunities for students at small private colleges,
small state universities, including historically black collegesand universities, at which many physicists
will obtain their undergraduate education. Michigan State University, as one of the largest research-
oriented physicsdepartments in the midwest, and the site of the National Superconducting Cyclotron
Laboratory, o�ers this opportunit y to students throughout the US, and especially students from small
schools in the midwest region. Another measureof the successof the MSU REU program is simply
the number of students from such schools. During the previous grant period (2000-2002),32 of the 59
REU students attended small private collegesor small state universities. The REU program provides
thesestudents a research component of their education which may in
uence their decisionto pursue a
research career.

The primary goalof the REU program at MSU is to inspire students to careersasresearch scientists.
We will continue to survey the REU students after their time on the MSU campus, to monitor that
the REU program is having this e�ect.

F Results from Prior NSF Supp ort
The previous NSF grant was NSF award PHY-9912212, for Project Title \Research Experience for
Undergraduates in Physics". The prior grant provided $256,135for summer institutes from 2000
through 2002.

During the three-year period of the previous NSF grant 59 students took part in the PhysicsREU
program at MSU. The participating students included 21 womenand 4 members of under-represented
minorities. Each student was paired with a faculty supervisor and completed a well-de�ned research
project during a 10-week period. Each student gave an oral presentation on his/her research and
produced a �nal written report (contained in the annual reports); titles of the reports are listed
inthe annual reports. The student research since the beginning of the REU program at MSU (1987)
has resulted in ?? publications (or recent submissions)in refereedjournals. The titles of publications,
submitted articles, and conferenceabstracts that include REU students asco-authorsduring the period
of the previous NSF grant are listed below.

Responseson student questionnaires have indicated that, for many of the students, the REU
program was a crucial factor in their decision to enter research careers. An earlier follow-up survey
revealedthat approximately 80% of the students continued on to graduate school. This is consistent
with our experience in recruiting U. S.graduate students and in applications to graduate school by
MSU undergraduate students (seeSection E).

The relation of the completedwork to the proposedwork is that the successfulkMSU REU program
will continue for another 3-year period. The organization, activities, and practices of the proposed
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work will be essentially the sameas in the previous yearsof the program.

F.1 Publications Resulting from REU Research

F.2 List of Publications Since 2000

Sinceall of our undergraduate REU students participate in original research, someof their work is of
such high quality that a publication of the results is warranted. However, there is a time delay between
completion of research work and its publication. In the following we list publications, submitted
articles, and abstracts that inculde results from the summer programs since2000.

F.2.1 Man uscripts Published Since 2000

There were 26 journal articles with REU students as co-authors from the earliest period from 1987
to 1994. The number of articles published with REU students from 1995 to 1999 was 47. Articles
published since2000(plus a few published after the end of the previous grant period) are listed below.
The REU students' namesare underlined.

74. Corrosion of Ancient ChineseBronzeMoney TreesStudied by Raman Microscopy, L.I. McCann,
K. Trentelman, T. Possleyand B. Golding, J.Raman Spectrosc. 475, 628 (1999).

75. The BlazhkoE�e ct of AR Her, H.A. Smith, P. Gay, M. Barnett , and N. Silbermann, Astronomical
Journal 118, 572 (1999).

76. High-Scan-RangeCryogenicScanning Probe Microscope, S.Urazhdin, I.J. Maasilta, S.Chakraborty,
I. Moraru, and S.H. Tessmer,Rev. Sci. Instrum. 71 (11), 4170(2000).

77. Measurement of resistance and spin-memory loss (spin relaxation) at interfaces using sputtered
current perpendicular-to-plane exchange-biased spin valves, W. Park, D.V. Baxter, S. Steenwyk,
I. Moraru, W.P. Pratt, Jr., and J. Bass,Phys. Rev. B62, 1178(2000).

78. Crossing the dripline to 11N using elastic resonance scattering, L. Axelsson, S. Baxter, M.J.G.
Borge, C. Donzaud, S. Fayans,H.O.U. Fynbo, V.Z. Goldberg, S. Grevy, D. Guillemaud-Mueller,
B. Jonson,K.-M. Kallman, S. Leenhardt, M. Lewitowicz, T. Lonnroth, P. Manngard, K. Marken-
roth, I. Martel, A.C. Mueller, I. Mukha, T. Nilsson, G. Nyman, N.A. Orr, K. Riisager, G.V. Ro-
gatchev, M.-G. Saint-Laurent, I.N. Serikov, O. Sorlin, M. Steiner, O. Tengblad,M. Thoennessen,
E. Tryggestad, W.H. Trzaska, F. Wenander, J.S. Win�eld, R. Wolski, Phys. Rev. C62 , 034308
(2000).

79. Study of 11N by Elastic Resonance Scattering in Inverse Kinematics, S. Baxter and M. Thoen-
nessen,Proceedingof The National ConferenceOn Undergraduate Research (NCUR) 2000Uni-
versity of Montana, April 26-29,2000,Missoula, Montana.

80. CPP magnetoresistance of magnetic multilayers: mean-free path is not the culprit , K. Eid,
D. Portner, R. Loloee,W.P Pratt Jr, and J. Bass,J. Magn. Magn. Mat. 224, L205 (2001).

81. Dissociation of 6He, J. Wang, A. Galonsky, J.J. Kruse, E. Tryggestad,R.H. White-Stevens, P.D.
Zecher, Y. Iwata, K. Ieki, A. Horvath, F. Deak, A. Kiss, Z. Seres,J.J. Kolata, J. Schwarzenberg,
R.E. Warner, and H. Schelin, Phys. Rev. C 65, 034306(2002).

82. The ChangingBlazhko E�e ct of XZ Cygni, A. LaCluzye, H.A. Smith, E.-M. Gill , A. Hedden, K.
Kinemuchi, A.M. Rosas,B.J. Pritzl, B. Sharpree,K.W. Robinson, M. Baldwin, and G. Samolyk,
in Radial and Nonradial Pulsations as Probles of Stellar Physics (Astronomical Society of the
Paci�c: San Francisco) 416, 2002.

83. RR Lyrae Stars and AnomalousCepheidsin the Draco Dwarf Spheroidal Galaxy, K. Kinemuchi,
H.A. Smith, A. LaCluyze, C.L. Clark, H.C. Harris, N. Silbermann, and L.A. Snyder, in Radial
and Nonradial Pulsations as Probesof Stellar Physics (Astronomical Society of the Paci�c: San
Francisco), 136 (2002).
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84. BV Photometry of Variable Stars in the Northeast Arm of the Small Magellanic Cloud, B.
Sharpee, M. Stark, B. Pritzl, H. Smith, N. Silbermann, R. Wilhelm, and A. Walker, Astro-
nomical Journal 123, 3216(2002).

85. Further evidence against the mean-free-path e�ects in the CPP-MR, K. Eid, M. Tsoi, D. Portner,
R. Loloee,W.P. Pratt Jr., and J. Bass,J. Magn. Magn. mat. 240, 171 (2002).

86. Absence of mean-free-path e�ects in the current-perpendicular-to-planemagnetoresistance of mag-
netic multilayers, K. Eid, D. Portner, J.A. Borchers, R. Loloee, M. Al-Ha j Darwish, M. Tsoi,
R.D. Slater, K.V. O'Donovan, H. Kurt, W.P. Pratt Jr., and J. Bass, Phys. Rev. B65, 54424
(2002).

F.2.2 Man uscripts Submitted or in Preparation

F.2.3 Abstracts submitted since 1995

There were6 conferenceabstracts submitted with REU students asco-authors from 1987to 1994. The
number of conferenceabstracts submitted from 1995to 1999was 10. Abstracts submitted since2000
are listed below.

17. M. Matthews, A. Sakharuk and V. Zelevinsky, Tunneling and scattering of composite objects,
BAPS, 44 (2000).

18. E. Keller, A. Volya and V. Zelevinsky, Solving the pairing problem for the nucleus, BAPS, 45
(2000) No.5 p. 23.

19. J. Roebke, D. Mulhall, A. Volya and V. Zelevinsky, Facets of quantum chaos in atomic nuclei
and the preponderance of pairing for randomly interacting fermions, BAPS, 45 (2000) No.5 p.
26.

20. K. Eisenman, J. Seitz, N.D. Dang, and M. Thoennessen,Evolution of the Giant Dipole Resonance
Width with Nuclear Temperature in 120Sn, GR2000,Book of Abstracts, International Conference
on Giant Resonances,p. 64, (2000).

21. J. Seitz, T. Baumann, K. Eisenman, P. Heckman, M. Thoennessen,R.L. Varner, D.J. Hofman,
V. Nanal, I. Dioszegi,B.B. Back, M.P. Carpenter, M.P. Kelly, T.L. Khoo, T. Pennington, R.H.
Siemssen,Observation of the GDR in Highly Excited 224Th, Bull. Am. Phys. Soc. 47, (2002).

22. K. Rudd, M. Thoennessen,and A. Horvath, Pulse-Shape Discrimination with Neutron Walls at
the NSCL, Bull. Am. Phys. Soc., 46, 105 (2001).

23. N. Frank, M. Thoennessen,R.R. Clement, J. Yurkon, D. Bazin, W. Hitt , The Focal Plane De-
tector for the MSU/FSU Sweeper Magnet, Bull. Am. Phys. Soc. 47, October (2002).

24. G. Hitt , M. Thoennessen,N. Frank, M. Cooper, A.M. Vander Molen, B. Nett, Energy Recon-
struction with the Sweeper Magnet Focal Plane Detector, Bull. Am. Phys. Soc. 47, October
(2002).

25. Y. Lu, T. Baumann, M. Thoennessen,E. Tryggestad, M. Evanger, B. Luther, M. Rajabali, R.
Turner, Veto Detectors for the Micro-Modular Neutron Array, Bull. Am. Phys. Soc. 47, October
(2002).

26. M. Rajabali, M. Evanger, R. Turner, B. Luther, T. Baumann, Y. Lu, M. Thoennessen,E.
Tryggestad, First Radioactive Beam Experiment with the Modular Neutron Array MoNA, Bull.
Am. Phys. Soc. 47, October (2002).

27. M. Evanger, M. Rajabali, R. Turner, B. Luther, T. Baumann, Y. Lu, M. Thoennessen,E.
Tryggestad, Neutron Testing of the Micro-Modular Neutron Array, Bull. Am. Phys. Soc. 47,
October (2002).
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28. R. Turner, M. Evanger, M. Rajabali, B. Luther, T. Baumann, Y. Lu, M. Thoennessen,E.
Tryggestad, Cosmic Ray Testing of the Micro-Modular Neutron Array, Bull. Am. Phys. Soc.
47, October (2002).
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