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The Institutefor NuclearTheorywas createdas a national center by the Departmentof
Energy. It beganoperationsMarch1, 1990. This annualreportsummarizesthe INTs
activitiesduringits thirdyearof operations. The INT is administered by a Director,who
reportswithin the University to the Dean of Arts and Sciences on daily INT matters, and
to the Provoston mattersconcerningthe Departmentof Energy, intenmiversityrelations,
andlong-termplanning.The Director is advisedby a NationalAdvisoryCommittee
(NAC) comprisedof leading physicists who broadlyrepresentthe nuclearphysics
community.

Scientific Personnel

Wick Haxtoncontinuedas Directorof theINT duringthe thirdyear,and ErnestHenley,
remainedAssociate Director while maintaininghis full-timeappointmentin the
Department of Physics. ProfessorHenley acted as Directorfor the periodDecember1,
1992-February28, 1993,while ProfessorHaxtonwas on sabbaticalat the University of
Melbourne.

In September,1992,George Bertschjoined the INT as its first SeniorFellow/Professorof
Physics. This appointmentwas recommendedby selection committees from the INT's
NationalAdvisoryCommitteeand fromthe Physics Department,following a national
search. The committee cited ProfessorBertsch's breadthaad creativity, his enthusiasm
for theory in support of experiment, and his expertise in heavy ion physics.

During the firstpart of year three, the researchstaff consisted of one 5-year Fellow,
Tetsuo Hatsuda, and four postdoctoral researchassociates, Steven Pollock, David
Harley,Antje H6ring,and Ming Xing Luo. Dr. Hatsuda received his Ph.D. in Kyoto, and
servedas a postdoctoral researchassociate at KEK, Stony Brook, and CERN (where he
was a CERN Fellow). Dr. Pollock receivedhis Ph.D. from StanfordUniversity and was a
postdoctoral fellow at NIKHEF. Dr. Harleyreceived his Ph.D. from the University of
Arizona, where he worked under the direction of Johann l_ffaelski and Berndt Miiller.
Dr. H6ring receivedher degreefrom the University of Heidelberg,where she worked
with Hans Weidenmiiller,and Dr. Luo earned his Ph.D. at the University of Pennsylvania
under the direction of Paul Langacker.

The researchinterests of these five cover a wide range of topics: QCD at high density
and temperature, nuclear asu'ophysics, electroweak interactions, muon-catalyzed fusion,
statistical propertiesof nuclei, and radiative corrections.

In September 1992,Dr. Hatsuda moved to a tenure-trackassistant professorposition in
the Physics Department, Dr. Harleyreturnedto his homeland, South Africa. and Dr.
Pollock returned to assume a 5-year postition at NIKHEF. (Dr.Pollock will return to
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the US next September as an Assistant Professor at the University of Colorado). They
were replaced by two German Humbolt Fellows, Michael Herrmann and Thomas
MeiBner. Dr. Herrmann received his Ph.D. from TH Darmstadt, working under the
direction of Professors W. Ntrenberg and B. L. Friman, while Dr. MeiBner received his
Ph.D. from University of Bochum, working under Professor Klaus G_ke. The INT also
hosted two long-term visitors in 1992 who were not directly associated with the visitor
programs, Dr. John Millener (Brookhaven National Laboratory) and Dr. Kazuhiro
Yabana (Niigata University, Niigata, Japan). The salary support for these visits was
provided by Brookhaven and by the Nishima Memorial Foundation, Tokyo, a scientific
exchange program in Japan, respectively.

In early 1993, the INT conducted searches for two 5-year Fellows, and together_with the
Department's nuclear physics group, for two postdoctoral research associates. Five-year
offers were made to Matthias Bukardt, MIT, and to Michael Frank, CEBAF. Both work
at the QCD-nuclear physics interface, with their recent work including topics such as
light-cone methods, lattice QCD, and heavy quark synm_etry. The two new postdoctoral
appointments are Yong-Zhong Qian, a student from U. C. San Diego who worked under
George Fuller, and Ubirajara Van Kolck, a Texas student who worked with Steve
Weinberg. Van Kolck has worked on effective chiral Lagangian theories of nuclear
structure, while Qian has worked on the supernova mechanism, r-process nucleo-
synthesis, and neutrino oscillations. Van Kolck will be assigned to the Nuclear Theory
Group, while Qian will be in the INT. An INT offer to a third postdoctoral candidate,
Gladys Lang at Caltech, is pending; one of our continuing postdocs, Antje Htring, has
been offered a permanent position in the UW Applies Physics Laboratory, and thus may
vacate her present position. These five candidates (Burkardt, Frank, Van Kolck, Qian,
and Lang) were our f'wstchoices among approximately 150 applicants for the 5-year
Fellow and postdoctoral positions.

In the Autumn of 1992, the INT began its search for its second Senior Fellow/Professor.
On the advice of the NAC, the initial area of choice is the nuclear-particle physics QCD
interface. The search is being conducted with the help of NAC and Physics Department
selection subcommittees.

We have taken a number of steps to build a feeling of community among the young and
senior scientific staff. Tuesdays at the INT members meet together for lunch and
informal physics discussions. A more formal Thursday bag lunch discussions is also
held, with the nuclear theory group participating. These gatherings generally do not
include the program visitors, since their intent is to keep the focus on the graduate
students and postdoctoral research associates.

Administrative Personnel

At the close of the third year the support staff included the administrative head, Madhavi
RajGuru, two program coordinators, Julia Malloy and Fran White, and a program
assistant, Pippin Sardo. Mrs. RajGuru is in charge of ali financial and administrative
functions, including the processing of foreign visitors; the program coordinators monitor
space and finances for INT programs, and arrange housing and other matters for our
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visitors; and Ms. Sardoassists the programcoordinators and Mrs. RajGuru, and takes
care of visitor needs while they arein residence at the INT.

Research Efforts of the Scientific Staff

The various members of the INTs scientific staff maintain highly visible research
programs. CurriculumVitae, a list of publications and invited talks for each is given in
Appendices A to J, along with a narrativedescription of research activities.

Some portion of the scientific workperformedby INT visitors is also published underthe
auspices of the INT. In AppendixK we list the papers submittedduringthe past year.

INT Program Operations

The INT conducts threeprogramsof threeto fourmonthsdurationeach year. Each
programfocuses on some area at the forefrontof nuclearphysics, including
interdisciplinarytopics on the boundariesof nuclear physics and other fields. The
programsare usually organizedby outsid_ experts, with the financial and administrative
help of the INT. Programsoriginate from proposalssubmittedby interested members of
the physics community. The IN'Fs National AdvisoryCommittee reviews the proposals
and advises the Directoron their timeliness and suitability. The summerprogrammay
include a two-week school for the benefit of youngerparticipants. Once or twice a year
the INr may 'alsohost short workshops,which are often scheduled duringthe breaks
between programs. Otherworkshopsmay be held aspartof programs.

Duringthe first two years of operations members of the nucleartheory groupwere very
active and helpfulin the organization of programs. Their service as "local co-organizers"
took much of the administrativeburden off the externalorganizers. This help was
particularlyimportantduringthe periodwhen the administrativestaffwas being
appointed. Although local members of the nucleartheory groupparticipatedactively in
third-year programs,their role as local co-organizers was de-emphasizedas the IN
scientific staff shoulderedmost of the burden.(Haxtonhelped with the organization of
the Spring and Fall, 1992,programs,while Henley is helping with the organization of the
Spring, 1993, program.)

Second-year Program Scientific Summaries

Appendices L, M, and N include,the final report, list of participants,and list of seminars
for programs7, 8, and9.

Program 7 (INT.92-1)
FundamentalInteractionsIn Nuclei
February1, 1992 - May 31, 1992

Organizers: BarryHolstein and Wick Haxton

The 1992 springprogramfocused on nuclear tests of symmetriesand conservation laws.
A numberof low-energy precisionexperimentsareprovidingnew informationon the
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parameters of the standard model and constraining possible extensions of that model.
The participantswere concerned with the theory issues important to the interpretationof
experiments, the relevance of measurements to weak interaction models, and
opportunities for exploiting nuclear and atomic systems in futureexperiments.
Participants included nuclear, particle, and atomic theorists, as well as a number of
experimentalists who described both currentand planned experiments.

There wereextensive discussions of parity nonconservation studies in atoms and at
electron accelerators,and theirrelationship to high energy tests of standard model
parameters. Both classes of experiment dependcrucially on the precision of theory,
including the accuracy of atomic structurecalculations, the effects of uncertainties in
neutrondistributions on the nuclear weak charge distribution, techniques for evaluating
radiative corrections, and various hadronic physics correctionseffecting weak couplings.
Nuclear tests of parity violation in hadronic systems were consideredin light of recent
chiral Lagrangianresults on new operators associated with strange quarks. Theoretical
efforts to understandthe strengthof parity mixing in LAMPF neutron transmission
experiments were discussed extensively.

There was great interest in tests of the neutrinomass, including solar neutrino
oscillations, double beta decay, and tritium endpoint measurements, and in extensions of
the standardmodel that could permit 17 keV neutrinos, large magnetic moments, etc.
The origin of CP violation remains unclear, neutron and atomic electric dipole
measurementswereexaminedfromtheperspectiveoftheirrelativesensitivitiesto
possiblesourcesofCP violation.TherewerediscussionsofT-violationinbetadecayand
muoncapture,andofT-violatingP-conservingnuclearforces.Severalexperimentalists
describedsearchesforraredecaysofkaonsandmuons,promptingdiscussionsofthe
theoretical importance of new limits. A groupof six visitors who attended almost ali of
the programhelp set the intellectual tone: Barry Holstein, Peter Herczeg,Lincoln
Wolfenstein, Iosif Khriplovich, Bruce McKellar,and Jim Pantaleone.

Program 8 (INT-92-2)
Strangeness in Hadronsand Nuclei

June 8-August 31,1991
Organizers:Carl Dover, Ben Gibson, JerryMiller

The programfocused on various themes related to the strangeness degrees of freedom in
hadronic systems, with emphasis on questions such as the stability of storage quark
matter and its production in relativistic heavy ion collisions, strangeness as a signature of
quark-gluon plasma formation, and the production mechanisms, structureand decays of
hyper nuclei.

The fast part of the programbrought together researchers in astrophysics _._'_drelativistic
heavy ion physics for a very spirited discussion of possible quasi-stable %trangelets". As
a result of these debates, a collaboration was formed to investigate the limits of stability
of hyperonic matter with mean field interactions, the relation to strange quark matter,and
the weak decays of such multi-strange bound states.



Page 5 - AnnualReport#3 - DOE Grant#DE-FG06-9OER40561

The secondpartof the programconcentratedon open problemsin hypernuclear
productionmechanisms, structure,anddecays. The discussionsduringand afterthe
seminarsled to collaborativeefforts on the developmentof an improvedreactioncode for
hypernuclearproductionwithmeson beams,weak decay modes andmagnetic moments
of hypernuclei,double strangenessexchangereactions inducedby kaon beamson
nucleartargets,and reactionsinvolving cascade particlesin deuterium,amongothers.

The theoretical discussions of strangenesswere temperedby occasionalexperimental
talks,which reviewed the constraintsonthe existence of swangelets, and the prospects for
advances in hypernuclearresearch with intensehadronand electronbeams.

The programbenefited from thepresence of a significant numberof studentswho became
actively involved in the discussions and, in severalinstances, in collaborations.

Program 9 (INT-92-3)
MicroscopicNuclearStructureTheory

September8, 1992 - December 18, 1992
Organizers:BruceBarrett,JamesVary,and Wick Haxton

The goal of the programon Microscopic Nuclear StructureTheory was to focus attention
on the long-standingproblem of accuratelycomputing two- particlematrixelements for
performingnuclearstructurecalculations,startingfrom realisticformulationsof the
nucleon-nucleon(N-N) interaction. Thetone of the entireprogramwas set by the
workshopheld 14-18 Septemberand attendedby 28 out-of-townparticipantsplus local
physicists. This workshopwas completely successful in identifying the importantpoints
of interest: successes and limitationsof existing N-N interactions, the failureof these N-
N interactionsalone to bindnuclearsystems sufficiently, the statusof existing shell-
model technology, the problems of tryingto compute the basic perturbationseriesfor the
shell-model effective interaction(now generallyreferredto as the Q-box), the advantage
of the "no-core"model-space approachto computingtheQ-box, and the extreme
usefulnessof the Lee-Suzuki approachfor summingthe folded Q-box series to ali orders,
so as to producean energy-independenteffective interaction. The participantscame
awayfromthe workshopwith well-directedenthusiasm.

This high-level of enthusiasm was maintained throughoutthe program, becauseof its
largecore group of 12 physicists who werepresentfor ali or nearlyali of the 15 weeks of
the program. We were able to assemble such a largecore group,becauseof our long lead
timeof two years in organizing the program. Overthe course of the program49 out-of-
town participantstook part,of whom 29 werefrom domestic institutionsand 20, from
foreign institutions. Of this 49 therewere 34 seniorresearchers(31 theorists, three
experimentalists),five researchassociates andjuniorfaculty and ten graduate students.
The averagenumberof participantsper week was 21, with a peak of 28 duringthe
workshop. Besides our seminar schedule(limited to notmore than one perday), there
was a seriesof tutorials by senior participants,including the organizers,to present in
detail how one performsnumericalcalculations for determiningeffective interaction
matrixelements.
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The main thrust of the program was to seek and fred solutions to the difficult remaining
problems in computing the shell-model effective interaction, and the majority of the core
group plus a number of the shorter-term participants concentrated on this. The principal
successes were (1) the use of a "no-core" model space, in which ali A nucleons are taken
as active particles in a large basis space; (2) the simplification of the Q-box to being only
the two-particle Brueckner reaction matrix G, because of the existence of no hole states in
the no-core model space; (3) the convenience of the Lee-Suzuki approach for summing
the folded Q-box series to all orders to obtain an energy-independent and basis-
independent (i.e., independent of the unperturbed Hamiltonian) effective Hamiltonian,
even in a one-dhuensional model space; (4) the modification of the Lee-Suzuki approach
to yield Hermitian effective-interaction matrix elements; and (5) the first development of
the formulation for computing other effective operators, besides the interactions, in the
same model space, using the Lee-Suzuki approach.

It was decided by the participants that we should have a "test problem", against which we
could measure the progress of the field. This "test problem" is being formulated and will
be sent to participants in the near future.

Administrative Details of Third.Year Programs

A reasonably stable mode has been established for operating the programs. After
approval of a program, the organizers are asked to identify a few key participants who
would provide intellectual leadership. These participants are encouraged to attend the
entire program, and, ff the budget permits, partial salary support may be offered to those
who would have to request sabbatical leave. A longer invitation list is also compiled.
The programs are advertised through Newsletters published by the INT (#4 and #5 are
enclosed as Appendix O) and by the APS Division of Nuclear Physics. The INT also
produces posters announcing upcoming programs (the latest #4 is enclosed as Appendix
P), sending these to universities, laboratories, and institutes around the world. Finally,
there is a great deal of word-of-mouth advertising carried out at professional meetings by
the Director and Associate Director and by program organizers. The organizers review
all responses to such advertising, and make their selections based on the qualifications of
the applicants and scientific balance. Efforts are made to encourage the participation of
women and minorities, younger researchers, and interested experimentalists.

The responses to ali of the initial programs have be.en very strong. In some cases as many
as 200 applications have been received for a single program. The INT has great difficulty
accommodating more than 20 visitors at any one time. Because many visitors may attend
for just a few weeks, typical total participation may be 45-50 scientists.

We have instituted closer controls on invitations, since one of our programs grew well
past the optimal size. We strongly urge organizers to avoid paying travel support
whenever possible; to limit salary support so that most of the budget can be used for
nonsalaried visitors; to avoid salary support during the summer;,and to adopt uniform
policies for visitor support. All organizers are given a copy of the "Instructions for
Organizers," an instruction manual that the INT administrative staff has compiled.
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Organizers are also contacted as early as possible by the Director and by the program
coordinators, so that we can reinforce the advice given in the manual. We suggest a limit
of one seminar per day during programs, apart from special workshop weeks. Seminars
are usually held at 10:30 in a seminar room within the Applied Physics Laboratory; on
Fridays we often move the seminar to Physics in order to encourage interactions between
the INT and the Department. Usually a number of the local theoreticians and
experimentalists attend INT seminars.

We encourage organizers to set aside part of their budget for outside seminar speakers.
This fund is particularly useful as a means of bringing experimentalists to the programs.

We encourage summer program organizers to provide a school for the benefit of younger
researchers. The INT-91-2 school was held off-site at CEBAF, who cosponsoredthe
school. A school will also be held during the program INT-93-2. Half of the support for
this program is being provided by the Physics Department's Uehling Fund.
Approximately 45 students have been accepted to the 1993 school.

A number of past programs have contained short workshops, periods of two days to a
week where more intense discussions of certain physics topics took place. The program
INT-92-3 held such a workshop, attended by approximately 30 visitors

A few of the statistics on third-year programs are Oven below:

Peak Average Graduate
Program # Attendance Attendance Total Postdocs Students Women

7 19 13 42 4 6 2
8 23 17 29 3 16 2
9 26 20 49 2 8 1

We continue to encourage organizers to invite younger physicists and those from under
represented groups.

One nice development is the growing number of visitors who desire to attend for an entire
program. The program INT-92-3 set a new record, 12. Such long-term visitors arc
certainly important, since they tend to set the tone for the program and provide a sense of
continuity.

While no "stand-alone" workshops were held in 1992, several are being planned for 1993
and early 1994. Many of these involve collaborations with national laboratories and other
institutions:

1. Meson Interferometry in Relativistic Heavy Ion Collisions - April 16-17, 1993 -
Brookhaven National Laboratory

2. Perspectives in High Energy Strong Interaction Physics at High Energy Facilities" -
August 4-11, 1993 - Fermilab
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3. Relativity in Two-body and Few-body Systems - September 17-26, 1993 - CEBAF

4. Dark Matter Detection - February 13-19, 1994 - Lawrence Berkeley Laboratory
(Nuclear Science Division) and the Center for Particle Astrophysics

Future Programs

Brief descriptions are given below of the programs that will be held during the INTs third
year.

Program 10 (INT.93-1)
Nuclear Physics in Atoms and Molecules

February 15- May 28, 1993

This program will examine problems in atomic and molecular physics that have relevance
to nuclear theory. Historically, the lh'st examples were the small nuclear effects on
atomic spectroscopy resulting from the finite size and shape of nuclei and from nuclear
moments (hyperfine structure). Internal conversion and inner-shell electron and muon
capture were also early examples of dynamic nuclear processes that involve the atomic
environment.

One focus of the program will be precision weak interaction measurements in atomic
nuclei, including the atomic and nuclear physics issues in atomic parity violation and in
measurements of nuclear anapole and electric dipole moments. The atomic physics of
molecula_ tritium is now crucial in endpoint beta decay measurements of the electron
neutrino mass: experiments arc persistently yielding negative values for the square of the
electron neutrino mass.

There will be discussions of electron screening of nuclear reactions as seen in atoms,
molecules, and plasmas, including the many applications to astrophysics; the use of
"atomic clocks" to measure nuclear lifetimes; the theory of muonic and hadronic atoms;
muon-catalyzed fusion; and atomic and QED effects in nuclear collisions. The intent of
the program is to gather people together who have different scientific backgrounds, but
who share a common interest in interdisciplinary problcrns of nuclear and atomic/
molecular physics. Both established physicists and young researchers and students are
encouraged to apply.

Organizers: Eugen Merzbacher, James Friar, and Berndt Miiller

Program 11 (INT.93-2)
Phenomenology and Lattice QCD

June 21 - September 3, 1993

This program will focus on lattice QCD and its connections with phenomenology. Three
broad areas of discussion will be:
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1) Finite temperature(and density) QCD. Questions include theorderandnatureof the
phase transition,the detailed propertiesof the high temperaturephase, fundamental
excitations, and correlation functions.

2) Hadronstructureand matrixelements, includinghadronicwave functions, weakdecay
formfactors,B-parameters,structurefunctions, etc. As many approximatemethods have
been used to address these problems(e.g., bag models, sum rules, and chiral perturbation
theory), the comparison with lattice results should be of great interest. We will discuss
how to formulateappropriate lattice QCD tests of such methods, and how to combine
them with lattice techniques to make improvedpredictions.

3) Heavy quarks. There has been an explosion of interest in the propertiesof heavy quark
hadronssince the discovery of the Isgur-Wisesymmetry. It remains to be seen how
useful this symmetryis for the decays of B and D mesons. A crucial testing ground is the
lattice, where one has the freedom to varythe heavy quarkmass continuously.

The program will begin with a two-week summerschool intended for students andyoung
researchers, June 21-July 2.

Organizers: Stephen Sharpe,Gregory Kilcup, and John Negele

Program 12 (INT.93.3)
LargeAmplitudeCollective Motion

October 4 - December 17, 1993

Nuclei are essentially the only quantum systems where large amplitude collective motion
has been observed in experiment and describedby theory; however the ideas developed
in nuclear physics arenow being appliedto otherareas, including cluster.'physics and
chemicalreactions. The programwill focus on the unsolved issues of det._ningcollective
variablesand constructingthe collective Hamiltonian,including nonadiabaticeffects and
otherpoorly understoodcorrections. Therole of noncollective degrees of t_-eedom,
dissipation and friction, the onset of chaotic motion,and the interaction_ween
collective and noncollective degrees of freedomwill be discussed.

The programwill bringtogetherexpertswho approachLACM fromvery different
perspectives. The methods include adiabatictime-dependent Hartree-Focktheory,
generator coordinatemethods, the crankingmodel, coherent states, collective liquid drop
descriptionswith andwithout shell corrections,adiabatic dissipative dynamics, stochastic
approaches,effective gauge fields andfractional quantumnumbers,bosonexpansion
methods, path integral techniques, etc. Therange of physical phenomenais equally
impressive: collective motion, rotation andlarge amplitude vibrations, fission,
superdeformation,heavy ion collisions, and the temperature dependenceof nuclear
properties. The program will be concernedwith both the formalissues that arise in
LACMand practical issues, such as developing tractablenumerical techniques.

Organizers: Aurel Bulgac and George Bertsch
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Program for 1994

The foUowing programswereapproved for 1994 by the NAC at their August 22, 1992,
meeting :

INT-94-1 - SolarNeutrinos and Neutrino Astrophysics - February22 to May 31, 1994
Organizers:Baha Balantekin and Eugene Beier

INT-9_2 - Applicationsof Chaosin Many-BodyQuantumPhysics
Organizers: Steven Tomsovic, EricHeller, andHansWeidenmiiller

INT-94-3 - Hot andDense NuclearMatter- September12to December 10,1994
Organizers: Jergen Ranch'up,George Bertsch,andUlrich Mosel

Office Space and Equipment

The INT is temporarilyhousedin 15 fairly newoffices in the Applied Physics Annex on
the first floor of HendersonHall. One office is used forcoffee, mail, xeroxing, and
impromptudiscussions, and three others are occupiedby the administrative staff. The
remainder are available to the visitors and the INT scientific staff. Each office has two or
threedesks.

Space remains a limiting factor for ouroperations, so the staff carefullymonitors
programswith the goal of avoiding large peaks in attendance. Another shortcomingof
our currentaccommodations is the absence of a nearby technical library: the Physics
Libraryis located about three blocks away. We have compensated for this, in part, by
bringing collections of Physical Review Letters, Physical Review C and D, Physics
Letters B, Annals of Physics (NY), and Reviews of Modem Physics to the INT. (One of
the largerrooms serves as both a visitor office and the INr "library.")

Work on the new Physics building is well advanced and remainsclose to schedule. We
hope to move to our new quarters in the fourth floor of the Physics tower in summer,
1994.

During the second year of operations the INT acquired a UNIX-based computing system
consisting of three DECstation 5000's and associated X-terminals and a few Visual
terminals. The workstation monitorsare available to visitors, as are two Macintosh
SE/30s. Approximately 5Gb of disk storage is available. The Nuclear Theory group
continues to make available one VaxStation for visitors who prefer VMS. Typical uses
of the computing system range from Email and TEX, to large-scale number crunching
and graphics. The University continues to make time available on its IBM 3090/Vector
Facility, but only one visitor has madeuse of this resource. Similarly, visitors have
access to the LivermoreCrays through the MFE Computer Center grant to the Nuclear
Theory group. (A small part of the annual request is specifically for the INT.)
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Murdock Trust Support

A starting grant of $276,000 was provided by the Murdock Charitable Trust to help the
INT to a fast startduring its first 2 1/2 years. These funds allowed us to accommodate
many more long-term program visitors than otherwise would have been possible. In
recognition of this support, in each program 4-6 outstanding physicists visiting INT are
named "Murdock Fellows". A list of those named Murdock Fellows for Programs 1
thorugh 10 is given in Appendix Q. This start-up grant is now exhausted.

Relations to the University and to the Community

The Director and Associate Director, with considerable help from the chairman of the
NAC (Steve Koonin) and the Director of the Division of Nuclear Physics of the DOE
(Dave Hendrie), renegotiated the reporting scheme for the INT shortly after the new
Director was chosen. Previously the INT was considered part of the Physics Department,
and thus reported through the Department Chair to the Dean of Arts and Sciences. The
INT is now established as a "super Department" in the eyes of University administration.
The Director reports on day-to-day matters to Dean of Arts and Sciences, but on matters
concerning the Department of Energy, interuniversity or inter laboratory relations, or new
initiatives, he reports to the Provost. Included in the new agreement is a provision
returning a department's share of indirect costs directly to the INT. The INT will
continue to make joint 5-year Fellow/Assistant Professor appoimments with the
Department of Physics, and Physics must ratify INT tenure decisions (since it is the seat
of tenure). The new reporting scheme allows the INT greater independence in personnel
and financial matters.

The primary vehicle for interactions with the physics community continues to be the INT
Affiliates. The list of interested colleagues now numbers well over 1,000. Newsletters
are sent twice yearly to each Affiliate, informing him/her about new programs and old,
and other INT matters of interest.

The INT continues to have a special relationship with US National Laboratories and with
TRIUMF. After the INT was formed, these laboratories were contacted and asked to
become "supporters," in the sense that they would send their staff members to participate
in INT programs at no salary cost to the INT. Ali laboratories responded positively. This
has been an enormous financial and intellectual help to the INT, allowing us to
significantly enlarge our programs.

The NAC remains the INTs strongest tie to the community, lt meets once each year to
advise the Director on administrative matters, on program and workshop selection, and
on external organizers for the programs. The meetings are scheduled in August. Once an
initial rotation is established, NAC members will serve three-year terms. New members
are selected by the NAC, with the concurrence of the Director of the Division of Nuclear
Physics of the DOE. The membership lists for 1992 and 1993 are enclosed as Appendix
R and S. John Negele, MIT, succeeded Steve Koonin, Caltech, as chair of the NAC at
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the August 22, 1992, meeting. The NAC strives to remain broadly representative of the
nuclear physics community. The NAC is currently involved in the search of the second
Senior FeUow/Professor.

Enclosures: Appendices A to S

WCH:mkr
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Nuclei: Harmonic Oscillator Single-Particle Matrix Elements," Atomic Data and
Nuclear Data Tables 23, 103 (1979) (with T.W. Donnelly).

10. "Electron Scattering, Isospin Mixing, and the Structure of the 12.71 and 15.11 MeV
Levels in 12C," Phys. Rev. Lett. 43, 1922 (1979) (with J. Flanz et al.).

11. "Pion Photoproduction and the Optical Potential," Phys. Lett. 92B, 37 (1980).

12. "The Heavy Quark-Antiquark Potential in the MIT Bag Model," Phys. Rev. D 2"2_,
1198 (1980) (with Leon Heller).

13. "Solar Neutrino Production of Long-lived Isotopes and Secular Variations in the
Sun," Science 21_.0,897 (1980) (with G. Cowan).

14. "Low Energy Angular Distributions for the a2C(e, _r+)e _ Reaction," Phys. Rev. C
23, 1293 (1981) (with R.M. Sealock, H.S. Caplan and G.J. Lolos).

15. "Multipole Operators in Semileptonic Weak and Electromagnetic Interactions with
Nuclei: II. General Single-Particle Matrix Elements," Atomic Data and Nuclear
Data Tables 25, 1 (1980) (with T.W. Donnelly).

I!II i lMHNM _ii |HI IBmNilHD||IIHImlH_lNInN!iflllW|| i mNm|i iii mHiMIliniiNNlirailiij|lll_liima li la_lmhelmmaidimiBngiilnidm|ilmi IdlgaHil_mml||iii| leHman||i NiilkiiilldNilillldii I llll mM|ii ii liHmi_il JRlhmiunaF



Publications -5- Wick C. Haxton

16. "Parity Nonconservation in XSF, 19F, and 21Ne," Phys. Rev. Lett. 45, 1677 (1.980)
(with B.F. Gibson and E.M. Henley).
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106. "Effective Summation over Intermediate States in Double-Beta Decay," Phys. Rev.
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1. "Theory of Pion Electroproduction," LA-UR-77-1687.

2. "Massive Neutrinos, Oscillations, and Possible Applications of 100 Atom Techniques
in Nuclear Chemistry," LA-UR-80-1907.

3. "Science Underground," LA-UR-82-3601.

4. "Proposal to the Department of Energy for a Gallium Solar Neutrino Experiment,"
LA-UR-85-3820.

5. "Gravity, Spin, and Atomic Physics," LA-UR-85-1575 (with E. Fischbach and M.
Haugan), honorable mention in the 1985 Gravity Research Foundation competition.

Books

1. "Science Underground," AIP Conference Proceedings No. 96, 1983 (cd. by M.M.
Nieto, W.C. Haxton, C.M. Hoffman, E.W. Kolb, V.D. Sandberg, a_d_J.W. Toevs).
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Talks uresented: 1987 to present

93. "New Developments in the Solar Neutrino Problem," invited talk, San Francisco
APS meeting, January, 1987

94. "Oscillations of Solar Neutrinos," Univ. of California, Santa Cruz, January, 1987

95. "Nuclear Tests of Time Reversal Invariance," invited talk, Workshop on Time Re-
versal Te_ wi_h Neu_ron_, North Carolina, April, 1987

96. "Nuclear Tests of Time Reversal Invariance," Physics Division, NSF, March, 1987

97. "Analytic Treatments of Matter-Enhanced Solar Neutrino Oscillations," invited talk,
Workshop on Solar and Supernovae Neutrinos, Santa Barbara, May, 1987

98. "Parity Nonconservation," Yale University, May, 1987

99. "Nuclear Tests of Parity Nonconservation," invited talk, Workshop on Parity Non-
conservation, Vancouver, BC, May, 1987

100. "The Nuclear Response of Water Cerenkov Detectors to Supernova and Solar Neu-
trinos," invited talk, Rochester workshop on Nonaccelerator Physics, June, 1987

101. "Nuclear Tests of Symmetries," Georgetown National Summer School Lectures,
June, 1987

102. "Fundamental Physics with Nuclei," invited talk, Symposium in Honor of D.A.
Bromley, Yale University, August, 1987

103. "Theoretical Issues in Neutrino Physics," invited talk, American Chemical Society
Meeting, New Orleans, August, 1987

104. Lecture series, TUNL/Duke University, October, 1987:
"Matter Enhanced Oscillations and the Solar Neutrino Puzzle"
"The Galactic Neutrino Flux and SN1987A"
"Double Beta Decay"
"Parity Nonconservation in the NN System"
"Nuclear Tests of Time Reversal Violation"

105. "The Detection of Solar and Galactic Neutrinos," Princeton University, November,
1987

106. "Symmetry Tests in Nuclei," Caltech, February, 1988

107. "Neutrino Reheating in Stellar Collapse," Ohio State, March, 1988

108. "Supernova Neutrinos," University of Wisconsin, March, 1988

109. "Double Beta Decay," University of Wisconsin, March, 1988

110. "The Origin of Fluorine and Other Supernova Stories," Lawrence Berkeley, April,
1988

111. "Theoretical Issues in Double Beta Decay," invited talk, Baltimore APS meeting,
April, 1988

112. "Electric Dipole and Anapole Moments of Nuclei and Atoms," Institute for Theo-
retical Physics, Santa Barbara, May, 1988
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113. "Neutrino Op_,city in Stellar Collapse," invited talk, International Conference on
Cantemporary Topics in Nuclear Structure Physics, Cocoyoc, Mexico, June, 1988

114. "Summary Talk: Spin and Symmetries," invited talk, International Conference on
High Energy Spin Physics, Minneapolis, September, 1988

115. "The Origin of :gF and other Supernova Stories," Princeton University, November,
1988

116. "Neutrino Physics in Collapsing Stars," Uni_ersity of Virginia, December, 1988

117. "The Origin of 19F and other Supernova Stories," Michigan State University, Jan-
uary, 1989

118. "The Origin of 19F and other Supernova Stores," TRIUMF, February, 1989

119. "Neutrino Reheating and Nucleosynthesis in Supernovae," invited talk, UCLA Work-
shop on the Next Supernova, February, 1989

i20. "Nuclear Physics of Supernovae," colloquium, Oregon State University, February,
1989

121. "Nuclear Physics of Supernovae," colloquium, University of Oregon, February, 1989

122. "Particle Properties, New Particles, and Anomalous Phenomena," provocateur's
talk, Town Meeting on Electroweak Interactions and Astrophysics, Santa Fe, April,
1989

123. "Doub_,e Beta Decay," Lawrence Berkeley Laboratory, May, 1989

124. "Neutrino-induced Nucleosynthesis in Supernovae," Department of Physics, Univer-
sity of California, Berkeley, May, 1.989

125. "The Nuclear Physics of Stars," invited talk, K1200 Inauguration, Michigan State
Umversity, May, 1989

126. "Neutrino Astrophysics and the Shell Model," invited talk, Argonne Symposium on
the 40th Anniversary of the Shell Model, May, 1989

127. "Parity Violation in tlle NN Interaction," invited talk, TRIUMF Symposium on
Spin ann Symmetries, June, 19_9

128. "Nuclear Astrophysics and Electroweak Physics in the 1990's," invited talk, Asilomar
APS meeting, October, 1989

129. 'Lanczos Algori_,hm Hamiltonian and Green's Function Techniques," invited talk,
Live,.Tnore Shell Model Symposium, October, 1989

130. "Neutrino Process Synthesis of Light Elements," colloquium, University of Chicago,
November, 1989

131. "Lcng-Term Neutrino Monitors of Solar Behavior," Fermi Lab, November, 1989

132. "The Solar Neutrino Problem and Double Beta Decay: Theory Summary," invited
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Summary of Research

My researchhas been on the following topics.

1. Hot Hadronic Matmr. A long term projectis to study the dynamics of the hadronic
final stateproducedin high-energynuclearcollisions. My currentresearch here is in
collaborationwith MichaelHerrmann,a postdoctoralLynenFellow. We have been
workingon two aspects of this generalproblem,both connected with the pion
distributions. Itmay be the case that pions areproducedout of chemical equilibrium,
andff there is a large excess of pions, interestingeffects might arisefrom their Bose
statistics. Ourfirst projectwas to studyratesfor processes that change the numberof
pions, to get some estimates for how much deviationfrom chemical equilibriumcould
be expected. It is difficult to make believableestimates of the importantcross
sections, butwe can get some usefulguidancefrom simple bounds. The other
project is a model studyof the pi-pi correlations. The motivation is the common
practiceto analyse these correlationswith the statistical assumptions of Hanbury-
Brown--Twiss interferometry.We take a simplemodel in which the quantum
amplitudes can be calculated,and applythe HBT analysis in parallel. The HBT
correlationfunctioncan be calculatedin two ways, andwe find one to be clearly
preferable,if the limitationis due to the assumptionof statistical independenceof the
sources.In general, we find that the statistical assumptionsaremoredifficult to
realize that maybe generallyappreciated.

2. Largeamplitudecollective motion. Oneof my long-terminterestsis the dynamicsof
large-amplitudeshapechange, taking as a startingpoint the static Hartree-Fock
picture of nuclearstructureand a statistical treatmentof the distributionof Hartree-
Fock statesand their interactions. Recentlywe have applied this to the theoryof
fission. One arrivesat a diffusion equation(the Smolukowsky equation), and the
diffusion constant is calculated fromthe phenomenologyof the residualinteractionin
the shell model. This past yearI have beenmaking a systematic survey of the newer
fission data, mainly prescissionneutronand gammayields, but including also
evaporation residueyields. This is in collaborationwith Michael Thoennessen of
Mich. State. University. In general, the fission accordingto the diffusion equationis
greatly retarded,in comparisionto the statistical theory. However, the empirical
diffusion coefficient is significantlylarger than the theory predicts.

3. Structureof Li-11. This nucleus is interestingbecause its veryweak binding (about
300 KeV with respectto 2 neutronremoval) gives it unusual properties. In particular,
it is very easy to fragmentthis nucleus in an external Coulomb field. With Henning
Esbensen we pursueda three-bodymodel of this nucleus, in which ali correlations
could be studied quantitatively. The correlationspredictedby the model are
conf'mmedby experiment,with only one exception. We interpretthis to mean that
standardnucleartheory worksvery well for propertiesdependent on the neutron-
neutroninteractionat low density. This may be of interest to those studying neutron
matter in othercontexts.



4. Cluster physics. I have been applying techniques of nuclear theory to atomic cluster
physics. This work has been in collaboration with Kazu Yabana, who was an
Institute visitor during the past year. In the current period, we concentrated on the
excitations in C-60 clusters. The physical questions we examine are the nature of
weak nondipolar transitions seen in inelastic electron scattering and the coupling of
the vibrations to the electronic motion. We have found that a spherical representation
is very useful to describe the single-particle wave functions. The inelastic scattering
calculations is calculated using the the Distorted Wave Bom Approximation and the
collective model for vibrational transitions. Our results seem to show that quadrupole
transitions arc present in low electronic spectnun. Concerning the electron-vibration
coupling, we have used techniques of large scale matrix diagonalization by the
Lanczos algorithm. However, we have not yet achieved a satisfactory description of
ali aspects of the coupling with a common Hamiltonian.
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Tetsuo Hatsuda

SUMMARY of RESEARCH (March 1, 1992- Feb. 28, 1993)

My main interests are on the non-perturbative aspects of QCD and its
implication to the phenomena in the nucleon structure, the nuclear structure,
relativistic heavy ion collisions and the theories beyond the standard model.

1. QCD and Hadron Structure

(a) OZI Violation in hadrons
T. Kunihiro (Ryukoku Univ.) and I have been working on the Nambu-

Jona-Lasinio description of hadrons and the OZI violation in QCD on the
basis of the instanton-induced interaction. Part of this work was recently
published (ref.[34]). We are currently preparing a review article "Chiral
Phenomenology in the Nambu-Jona-Lasinio model" which will be published
in Physics Reports.

(b) p- w mixing in the space like region
Th. Meissner, E. M. Henley, G. Krein and I studied the off-shell p- w

mixing on the basis of the QCD sum rule. We found that there is a sizable
momentum dependence of the mixing angle, thus the conventional isospin-
breaking nuclear force due to the p- w mixing is reduced drastically. The
result is reported in ref.[38].

(c) Twist 4 matrix elements of the nucleon
The recent CERN and SLAC data on the deep inelastic structure func-

tions indicate the existence of the twist 4 contribution (the quark-gluon corre-
lation inside the nucleon). We have analysed the available data and extracted

the magnitude of the twist 4 matrix elements of the nucleon. The result is
reported in ref.[37].

(d) pion-nucleon form factor in the QCD sum rules
Th. Meissner, E. M. Henley and I are working on a model independent

prediction of the pion-nucleon form factor in the space-like region on the
basis of the QCD sum rules. This will serve as a basic constraint on the
phenornenulogical form factors used in the nuclear forces.

(e) H-particle in the QCD sum rules
M. Oka (Tokyo Institute of Technology) and I are studing the H-particle

which is one of the most controversial hadrons in QCD. Our Borel stability
analyses of the QCD sum rules show that H could be a true bound state

1



below 2A threshold. We are currently looking at the sensitivity of the result
by the change of the current quark masses and quark condensates.

(e) Pion wave function in the QCD sum rules
Su. H. Lee, G. Miller and I are working on the Bethe-Salpeter amplitude

of the pion using the QCD sum rules. The amplitude gives a measure of the
transverse size of the pion and provides us with a complementary information
to the light-cone wave function. Comparison of our result with the lattice
QCD data is also under progress.

2. Hadron properties in hot/dense medium

(a) QCD sum rules for vector meson in nuclear medium
Su H. Lee, Y. Koike (Michigan State univ.) and I are studing the propo-

eties of the vector mesons in nuclear medium by taking into account all the
twist 4 terms in the operator product expansion to see whether our previous
results (ref.[33]) are modified or not.

(b) QCD Sum rules at finite temperature (T)
Su H. Lee, Y. Koike and I developed a consistent method of the QCD

sum rule at finite temperature. At low T, the current algebra + systematic
operator product expansion with twist 2, 4 and 6 operators give enough
information on the hadron mass shift. The result is published in ref.[36].

We are also preparing a review article on the QCD sum rules in medium.

(c) Hadronic screening mass at high T and QCD3
M. Ishii and I are working on QCD hadronic correlations at high T by

combining the idea of the dimensional reduction at high T and the spectral
sum rules in QCD3.
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Prog.Teor.Phys. 70 (1983), pp.1685-1688.
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39. Pion and Sigma-meson at Finite Temperature;

Invited talk given at Ist International Seminar on Mesons and Quarks in Nuclei

(Kyoto, April 15-18, 1987, Japan).

Prog.Theor.Phys.Suppl. 91 (1987), pp.284-298.

40. Hadrons in Hot and Dense Medium;

Talk at QCD'90 (Montpellier, France, 8-13 July, 1990)

report INT-4-90 (1990).

Nuclear Physics B (Proc. Suppl.) 23B (1991) pp.368-371.

41. Anomalous Gluon Content of the Proton;

Talk at QCD'90 (Montpellier, France, 8-13 July, 1990)

report INT-5-90 (1990).

Nuclear Physics B (Proc. Suppl.) 23B (1991) pp.108-111.

42. Chiral Symmetry, Axial Anomaly and the Structure of Hadrons;

Invited lectures given at International Workshop on Nuclear Physics;

(Mt. Sorak, Korea, Feb. 26- March 1, 1991).

INT report 40561-18-INT91-00-06.

43. Structure and Dynamical nature of Hot and Dense QCD Matter;

Invited talk at International Symposium on High Energy Nuclear

Collisions and Quark Gluon Plasma (Kyoto, Japan, June 6-8, 1991),

INT report 40561-08-INT91-00-05.

44. Soft Modes associated with Chiral Restoration in Hot QCD;

Talk at the workshop on QCD at finite temperature and density;

(Brookhaven National Lab., August 6-16, 1991).

INT report 40561-19-INT91-00-07.

45. Convergence Radius of the Chiral Perturbation in QCD;
Talk at the international conference Particles and Fields '91

(Vancouver, Canada, August 19-22, 1991).

46. QCD Sum Rules in the Nuclea.r Medium;

Invited talk at Fall Meeting of American Physical Society

(Lansing, October 23-27, 1991).

47. Theoretical Overview - Hot and Dease QCD in Equilibrium--;

Invited talk at the intern,ntional conference Quark Matter '9I



(Tennessee, November 11-15, 1991).

48. Anomalous Quarks and Gluon Contents of Light Hadrons;

Invited talk at the international conference Strangeness and Hyper Nuclei

(Shimoda, Japan, December 10-18, 1991).
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Summary of Activities

David Harley June 22, 1992

During 1991/92my researchhasbeen directedtowardsthefollowingtopics.

Muon Catalyzed Fusion: The low temperature behavior of dt fusion has been

investigated in terms of a subthreshold continuum, leading to unusual temperature
and density dependence [2]. This work has been motivated by experimental observa-

tions of similar anomalies. A second line of research is dt fusion in dense, degenerate
plasmas, such as may be created in inertially confined fusion experiments [3]. The
key observation is the large regeneration of the _#, permitting more than 10,000
fusions per muon [4]. I have computed a large number of molecular and fusion rates

relevant to the MuCF cycle in such an environment [5].

NeutrinoOscillations:,The recentGALLEX dataforsolarneutrinoluminosity

hasbeen interpretedin termsofa three-flavorneutrinomixingmodel [7],originally
proposedby Mikheyev,Smirnov,Wolfenstein.One ofour objectiveshas been to

displaytheallowedfour-dimensionalmixing parameterspacein a simple,compre-
hensibleway. Towards thisend we have developeda setof proceduresto render

three-dimensionalcontourplotsasshadedsurfacesembedded inthreedimensions.

LatticeDynamics: Two codes have been developedforperformingthe effi-

cientcomputationofthe two-dimensionalHubbard and Isingmodels,respectively.

The Hubbard code was developedto investigatethe possibilityof performingan

exact diagonalizationof a truncatedspin space;the resultswere unfortunately
disappointingI.The Isingcode was developedaspartofan investigationtoexplore

surfacefreeenergies,forwhicha veryefficientcodeisrequired2. Thisinvestigation
isstillunderway.

Statistical Mechanics: The lack of ergodicity in a classical system has been in-

vestigated numerically. In non-time reversal invariant systems this results in an

interesting situation: in order to satisfy the second law of thermodynamics the sys-

tem must not be ergodic. A report of these results is in preparation [6].

ICollaborator:WickHaxton,INT
2Collaborator:SuzhouHuang,Dept.Physics,U.Washington
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Summary
Antje H_iring

I have primarily focused on the understanding of collective phenomena, such
as nuclear giant resonances and collective surface vibrations, their description within
the framework of microscopic quantum mechanical models, and their interplay with
statistical nuclear reactions. Recently, I have become very interested in fundamental
symmetries pertaining to nuclear physics.' Of particular interest to me in each of my
research projects has been the direct connection to experiments.

In my master's thesis supervised by V. A. Madsen, I studied the leading or-
der anharmonic effect in vibrational motion. This effect is due to the coupling
between collective states with one and two phonons, which corresponds to the cou-
pling between collective states with two and four quasiparticles. I derived and solved
the Tamm-Dancoff equation of motion for four BCS quasiparticles, calculated the
coupling matrix element between the two- and four-quasiparticle states and inves-
tigated its effect on the energy level diagram and on the strength of the crossover
transition 2+ _ 0+ for several Palladium and Selenium isotopes. This model offers
the possibility of an analytical treatment and at the same time reproduces experi-
mental spectra surprisingly well.

As a Ph.D. student under the supervision of H. A. Weidenmfiller, I studied
gamma emission in precompound nuclear reactions. Models for pre-equilibrium nu-
clear reactions are statistical in nature, while gamma emission mainly originates
from the decay of the electric dipole giant resonance (GDR), i.e. from a highly
collective and non-statistical mode of nuclear excitation. The theoretical modeling
of gamma emission in precompound reactions thus required a suitable combination
of statistical and collective aspects of excited nuclear states, l a,lso focused a.ttention
to include the GDR built on the ground state as well a,s on the excited states of the
compos.ite system consistently within one quantum mechanical model. Previous in-
vestigations trea.ted the processes arising from the GDR o_ the ground state a.lld oil
excited states in spite of their common physical origin by different and mostly phe-
nomenological methods. In contrast to this, in my formulation the gamma emission
in a precompound reaction is due to the combined action of ali these giant resonance
states, thus allowing tbr the first time for interference effects. In this way, I arrived
at a formulation which encompasses the model of the direct-semidirect capture pro-
cess, the exciton model, etc., as special cases. I believe that this contributes to
a better conceptual understanding of both the reaction itself, and of various ways
of modeling it. The aim of this investigation, however, goes beyond establishilig a
formal framework which contains several models a.s special cases. The analytically
derived expressions tbr energy-averaged cross-sections for gamma emission were
used tor a direct numerical calculation. It turned out that this t'ormulation allows



for a parameter-free calculation of gamma emissioll irl l_r_._conlpound veactiolls that
agrees well with experimental data.

As a postdoctoral research associate at the Institute for Nuclear Theory I have
become very interested in fundamental symmetries. Currently, I am working on a
project together with Wick Haxton on time reversal invariance. We are studying
atomic electric dipole moments (edna) induced by a T-odd, P-even nuclear interac-
tion combined with a Z0 exchange between atomic electrons and the nucleus. The
nuclear part of the interaction is described by the exchange of a p.meson. Very
precise measurements on the static atomic dipole moment were performed by N.
Fortson's group here at the physics department of the University of Wa.shington.
Our calculations relate this experimentally observed bound to an upper limit on
time reversal non invariant (TRNI), parity conserving (PC) nucleon nucleon inter-
actions. We find a bound on the ra.rio of the nucleon-nucleon ma.trix elements of the

TRNI, PC and strong interactions of about 10-'_. TRNI, PC nuclear interactions
can also be tested directly in detailed balance experiments and in studying spec-
tral fluctuations or strength distribution in the region of isolated compound nuclear
(CN) resonances. Both investigations yield a bound of 2 x 10-3. Since _tomic edta
limits are improving rapidly, our constra.ints will continue to become more stringent.

Besides the mechanism discussed _bove there is a variety of other mecha-
nisms that can also generate atomic edms from TRNI, PC', interactions. W. Haxton,
M. Musolf and I are currently investigating these to compare t.heir relative contri-
bution to the atomic edta.
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Publications
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1. High precision electroweak ezperiments: a global search for new physics

beyond the Standard Model, with Paul Langacker, Alfred K. Mann,

Rev. of Mod. Phys. Vol. 64, No. 1, 87-192 (1992).

2. The status of weak neutral current phenomena and radiative corrections
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Mingxing Luo

My main interests are on the tau physics, high precision electroweak experi-

ments, and non-standard Higgs physics.

1. Tau Physics

One of the most important fundamental constant, the strong coupling constant

as or the QCD scale A_-g, is poorly determined for the following reason: high

energy experiments induce big experimental errors since they are insensitive to A_-_

while low energy experiments induce big theoretical errors due to non-perturbative

effects. Since the mass of tau mr is reasonably close to A_--_, the hadronic tau

decays can be used to determine precisely A_--g if the theoretical uncertainties are

under control.

A year ago, W. Marciano and I examined the hadronic tau decays within the

framework of perturbative Quantum Chromodynamics [1]. We find that the recent

precise measurements of the tau lepton, its lifetime, mass and decay branching

ratios, can be used to determine AA-7-gvery precisely. Including both the theoretical

and experimental uncertainties, we find that AA-/-g(4)is about 280 + 40 MeV, which

is presently the most precise determination of the QCD scale. We pointed out

that the natural scale to study the hadronic tau decays is approximately mr2

rather than mr as usually assumed. At mr2, the perturbative expansion series is

extremely well behaved and that in turn minimized the theoretical uncertainties

on A_--g. We have also pointed that combined the precise value of a and sin 20w,

our value of A_--g strongly favors the supersymmetric SU(5) model with 2 Higgs

doublets and a generic SUSY mass scale MsusY "" 1 TeV.

One of the subtle point in the study of hadronic tau decays is how to deal with

the masses of the quarks. First, the charm-quark is lig'lt than the tau but the light-

est charm-meson is heavier than the tau. The question is how to treat the charm

in the tau-decay analysis. Our direct calculation showed that the contribution

from charm is very small and can thus be ignored without inducing any significant
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uncertainties. On the other hand the strange-quark mass is not insignificant com-

pared with the tau mass. The non-zero mass affects the final state phase-space

as well as the vacuum polarisation of the strange channel. A two-loop calculation

and a summation of four strange quark final states show that the strange-quark

can indeed be treated as massless [2].

2. High Precision Electroweak Experiments

A few years ago, P. Langacker, A. Mann, and I developed a framework for

analysis of the high precision electroweak experiments [3]. Since then, significant

experimental progresses have been made, especially at the e+e - collider LEP at

CERN. The mass of the Z boson Mz has been shifted from 91.177 4- 0.031 GeV

to 91.187 4- 0.007 GeV, the error is much better than anticipated. The errors on

the various Z decay widths have also been improved to be better than anticipated.

Furthermore, there are preliminary results of the various asymmetries at the Z

pole in the e+e- collision. The error on forward-backward asymmetry of/z is again

better than anticipated. On the other hand, the global analysis of existing W and

Z particle properties and weak-neutral current data yields a new constraint on the

1_n+17+15 We updated the analysis by incorporatingmass of the top quark, mt = _'"-23-25"

these new experimental results [4].

Three general conclusions emerged from the analysis. First, an analytic frame-

work is necessary for the understanding of future high precision experiments and

their interpretation within the SM. Second, the outcome of the global analysis will

include accurate determinations of the radiative corrections within the SM, which

will test the gauge nature of the theory at its foundation. The high precision ex-

periments uniquely verify renormalizibility of the theory and the consistency of the

calculations of the radiative corrections. Finally, the variety of observables open

to precise experimental study and the precise nature of the electroweak theoretical

predictions jointly constitute a powerful means of searching for new physics.

3. Non-standard Higgs Bosons

In the SM, po = Miv/Mz cosm"Ow is unity. In theories beyond the SM, if (color-



singlet) scalars which carry non-standard SU(2) charges (i.e., SU(2) triplets) de-

velop vacuum expectation values, po will be different from unity. The non-standard

Higgs fields thus manifest themselves at tree level. Similar to the sin 2 0w, there

are ambiguities about how p is defined at the loop level. We have tried to clarify

the situation and to see the various implications [5].
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Research Interests- S.J. Pollock

My work has focussed primarily on new means to investigate the structure

of the nucleon. I have concentrated on elastic electroweak cross sections and

asymmetries, atomic parity violation, and Compton scattering on nucleons. Of

particular interest to me are heavy quark components of the nucleon wave func-

tion, anomalous axial currents, and off-shell effects.

In my thesis, and later at NIKHEF and Seattle, I have looked at general elec-

troweak single nucleon processes [Refs 2-5,10,14,16]. The goal there was originally

to find tests of the Standard Model by considering an overconstrained, complete

set of single nucleon elastic experiments. Spurred by the possible explanation of

recent polarized deep inelastic (DIS) results in terms of a large heavy-quark con-

tent of the proton, I have extended my thesis research by looking for the effects

of s-quark currents on several elastic electroweak processes. Parity violation in

polarized e--p and e--d scattering, and both v-p and v-d elastic neutral-current

cross sections, turn out to be sensitive to vector and axial-vector heavy quark

currents. The deuteron appears to be an excellent laboratory for studying heavy

quark effects [Refs 5,10,12-16]. Being a purely isoscalar target, _s effects may

show up more clearly. This provides real possibilities for lower energy, nuclear

physic experiments to complement the high energy, DIS measurements as probes

of the quark structure of nucleons.

Another related topic I have worked on recently involves atomic parity vio-

lation in heavy systems, such as 133Cs or 2°8pb. This has long been considered a

promising means to make high precision measurements of the weak mixing angle

in a low energy regime. This could provide a test of the Standard Model at

the level of one loop radiative corrections, which could then be used as a way

to look for heavy quark, and/or new physics effects. Measuring ratios of par-

ity non-conserving observables for different isotopes seems especially intriguing,

since many atomic phys;cs uncertai.nties cancel. However, nuclear physics effects,

including both the large scale neutron distribution;- in these heavy nuclei, and the

small scale internal quaik structure of individual nucleons, then become impor-

tant. I have been working on classifying and formalizing these effects, in order to



provide a separation of nuclear (and nucleon) strong interaction physics effects

from weak Standard Model physics.

Another problem I have worked on involves off-shell effects on single nucleon

form factors [Ref 9]. There is much interest in medium effects on the proton's

internal structure, e.g. whether the nucleon "swells" in a nuclear environment.

One must separate from this the effects which arise when a nucleon is simply

off its mass shell (for instance, as in two step processes on a free proton.) An

off-shell nucleon has not 2 but 12 elastic form factors. I have looked at both

the general structure of the photon-nucleon coupling, including constraints made

by symmetry principles and the Ward-Takahashi identities, and also at some de-

tailed results in a simple microscopic model for the nucleon. My recent work has

involved using Compton scattering on nucleons as a probe of these off-shell form

factors, and to investigate the consequences of gauge invariance on observables.

As far as future work is concerned, I have begun working on a simple model

of nucleon structure, in terms of a hybrid of hadronic and quark degrees of

freedom, as a means to estimate the vector strange component of the nucleon.

This quantity is directly measurable in the electroweak experiments discussed

above. It is currently unmeasured, and of considerable theoretical interest. I am

more generally interested in the connections between DIS and elastic weak form

factor measurements. The axial vector matrix element at low q2 is precisely the

quantity which must be evolved and compared with the high q2 matrix element

measured in DIS experiments. There exists some information on the former

quantity already, from moderate energy u-p scattering. I am interested in better

extracting vector and axial heavy quark matrix elements from this data. It will

be important to calculate quantitative relations between form factors measured in

asymmetry, neutrino, and atomic experiments, and the spin structure functions

found in deep inelastic experiments. Parity violating asymmetries always involve

a very subtle interference, and are sensitive to many small effects. It will be

very interesting to continue working on intrinsic nucleon isospin breaking, and

radiative corrections [e.g. as in Ref 7] which are also critical for interpreting

asymmetry measurements.
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S. J. Pollock June, 1992

My research interests at the INT remain focussed on electroweak nucleon structure.
One underlying motivation has been an interest in the strangeness content of proton and
neutron. There is currently some controversy about axial s-quaxk nucleon matrix elements,
and indeed very little is currently known about the analogous vector s-quaxk matrix ele-
ments. I have considered a variety of alternative experimental probes, and their sensitivity
to this physics. A secondary motivation has been a more general interest in tests of the
standard model, and the use of the nucleon (free, or in nuclei) as a filter to provide such
tests in low or medium energy experiments.

My work here has proceeded in five main directions:

1. Neutrino-deuteron scattering

In a continuation of work begun earlier, collaborating here with Ernest Henley and
Tobias Frederico, I investigated neutrino-deuteron elastic scattering as a probe of nucleo_
structure. This process is sensitive to interesting axial current matrix elements, as well
as currently unknown weak vector matrix elements. Using a covariant body form factor
approach, evaluating; matrix elements with simple non-relativistic wavefunctions, allows
estimates of intermediate energy processes, figures of merit, and sensitivities to the matrix
elements of interest. This work was essentially completed in late 1991. Refs [1-4].

2. Gauge inva.riance in pion photoproduction

In collaboration with Ron Workman and tLik Naus, I have considered the effects of

strong interaction vertex corrections on the gauge invariance properties of pion photopro-
duction aznplitudes. It appears that minimal substitution techniques yield the same result
as the simplest unmodified Born approach for a certain invariant amplitude. This is in dis-
agreement with certain recipes that multiply Born aznphtudes by an average form factor.
This work was essentially completed in spring '92. Ref [5]

3.Modeling strangeness in the nucleon

In collaboration with Ernest Henley and Werner Koepf, I have constructed a series of
simple hadronic-based nucleon models with which to estimate matrix elements of strange
quark operators. Based on a meson-loop picture of nucleon structure, strangeness is built
in through virtual "kaonloops. The underlying models axe a simple pointlike relativistic
picture, a nonrelativistic quark model, and an extended cloudy bag model. Results for
vector strangeness matrix elements axe now completed. Ref [6]

4. Parity violation on single nucleons and nuclei

In collaboration with Bill Donnelly and Mike Musolf at MIT, I have continued inves-
tigating the use of parity violating _'- p and g- d elastic scattering, again generally with
an emphasis on finding sensitivities to s-quark content. This work has also considered the
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need to understand and evaluate radiative as well as nuclear physics corrections, and was
done partly with the goal of finding low energy tests of the standard model at the one loop
level. We are currently working on a major review paper on this material. Ref [7]

5. Atomic parity nonconservation

In collaboration with L. Wilets and N. Fortson, I have been studying t_arity noncon-
servation in heavy atomic systems. The experimental motivation has been to make high
precision measurements of sin 2 6w, as a complement to direct high energy experiments,
and thus to probe radiative corrections including top quark mass effects. My work has
examined nuclear structure effects, especially considering the currently fairly poorly known
neutron distributions, to see if the uncertainties will allow the desired high precision elec-
troweak physics extractions. I have also investigated the effects of nucleonic internal weak

structure in these processes. This work was submitted for publication in spring, '92. Ref
[si

Future Plans

My plans are currently focussed on the latter 3 above mentioned programs. In the case
of strangeness models, an obvious extension of the work is to look at the scalar ._s matrix
elements, for which some data already exists. For parity violation, the case of inelastic
g-p ---, ,,x is an interesting extension of my present work. This requires some (possibly
model dependent) knowledge of axial transition matrix elements, and could provide an
independent low energy measure of sin 2 8w which is much less sensitive to s-quark effects,
and thus complements elastic measurements when seeking medium energy tests of the
standard model. I am also working on a reanalysis of Brookhaven elastic v-p data, to
measure bounds on vector s-quark matrix elements. Although it is claimed in the literature
that these matrix elements are currently unknown, one can in fact extract (loose) bounds
from the q2 dependent data. With atomic parity violation, future work will po_.sibly involve
extending the calculations to other (lighter) nuclei, rather than just the :ead isotopes
considered so far, and a study of the O(a) QED corrections due to vacuum polarization.
I am also interested in extending the study to muonic atoms, whose small size should
increase the sensitivity to nuclear and nucleon structure.
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SUMMARY

Since my arrival in Seattle in the middle of September 1992, I have been
studying several aspects of "many-particle dynamics in heavy ion collisions".
I am performing these studies in collaboration with Prof. G.F. Bertsch.

• An important tool to investigate many particle effects is the measure-
ment of correlation functions. Recently correlations of like-charged
pions have received great interest.

The quantum statistics of these particles gives the unique possibility
to get information about the space and time extension of the colli-
sion zone. The existing analysis of experiments is mostly based on a

(quasi-) classical treatment assuming noncoherent emissions. The goal
of our study is to test whether these assumptions are justified for the
description of heavy ion collisions.

• To identify signals of an quark gluon plasma which is sought to be
produced in ultra-relativistic heavy ion collisions at CERN or RHIC
one has to understand the behavior of a hot meson gas.

The experimentally observed enhancement of pions with small tran-
verse momenta could be caused by a transition from quark gluon plasma
to a gas of hadrons that is not in chemical equilibrium.

However, there are presently no simulations available that include the
dynamical processes that give rise to a change of the chemical compo-
sition of a hadron gas.

Using different models for the interaction of hadrons we estimate the
relevant time-scale for equilibration.
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Program 7 . Fundamental Interaetio,is in Nuclei
1 February 1992- 31 May 1992

Organizers: B.R. Holstein (UMass) and W. Haxton (U3g)

Final ,Report

Scientific Program:

The four-month program Fundamental Symmetries in Nuclei concentrated on aspects of

symmetry relevant to contemporary experimental nuclear physics. A wide range of topics was

covered by the various participants, and no emphasis was associated with any particular time slot

in the program. Nevertheless, there were a number of areas which received considerable attention:

i) Neutrino Physics: There are a number of critical issues here. One deals with the

anomalous dearth of (high energy) neutrinos from the stm and its possible interpretation in

terms of mixing scenarios or of the possible existence of a neutrino magnetic moment.

Also receiving attention was the role of neutrinos in carrying away energy from supernova

processes. Of great interest was the implication of a possible neutrino mass. In this

respect, the careful beta spectral measurements indicating the possible presence of a

seventeen KeV species as well as the negative results in the eV range generated a good

deal of discussion. Finally, the use of double beta decay as a probe of the age of the

universe and of the Majorana character of the neutrino was discussed.

ii) CP/T Violation: A second area generating a great deal of interest was that of CP and/or T

violation in the nuclear medium. The goal here is to discover some sort of signal in any

system other than that of K0 - _0 decay. After a general overview of the field, various

approaches were presented including studies of triple product correlations in nuclear beta

decay and muon capture processes as well as in neutron-nuclear scattering and hyperon



Wyler). Solar Neutrino Constants (J. Pantaleone and D. Harley); Chiral Molecules (I. Khriplovich

and M. Pospelov); Neutron Electric Dipole Moment Calculations (B. McKellar and L Castella).

Administrative Summary:

It was decided from the inception of program planning to attempt to operate Program 7 in a

mode somewhat different from previous ones: i.e., to attempt to recruit a sm_ll but distinguished

group of researcherx who would spend essentially the entire four months at the INT. This was

successful in that six physicists (Holstein, Khriplovich, McKeUar, Pantaleone, Herczeg and

Wolfenstein) were able to spend three or more months in Seattle. The advantages in having such a

stable core of long-term participants is apparent. However, there was also an associated

disadv,_,tage in that this option commits a large fraction of program funds (~ 65%) to a small

group, reducing the money available for shorter term visitors. Nevertheless, I think this mode was

a successful one. Indeed we _ able to support thirty-five additional physicist for terms ranging

from one to eight weeks. This group included twenty-two senior researchers, four graduate

sta_ients _tndnine post-docs/junior faculty. On the average about a dozen visitors were present at

any given time and overcrowding was not a problem. About $110K was available for the program

of which $120K was spentt Even SO,a significant number of applications had to be rejected.

The program format consisted of three to four seminars each week, which were held in the

morning in dae fifth floor meeting room or on Friday afternoon in the Physics Department for talks

of a more general interest. The morning format was useful in that it encouraged a continued

disl ;ussion of the seminar topic at the ensuing lunch. In addition to INT seminars many visitors

also participa,.ed in a Thursday bag lunch with n_mbers of the nuclear theory group as well as in

the Monday Gravity/Levity bag lunch. In fact, this program of possible activities together with the

rich departmental seminar program made sometimes for a level of activity which was almost "too

much". However, this was the exception rather than the norm ar'.t most participants were quite



pleased with the oppommitT both for infraction and to get work done unencumbered by the usual

tinging telephone and other interruptions.

The commentsbyparticipantswereuniformly positiveabouttheirINr experience.Of

course,thereweretheusualproblemswiththelackofadedicatedseminarspaceandwiththe

distanceoflibraryfacilities.However,thiswillsurelybealleviatedwhen the"newimproved"

INr opensin1994.Alsothelackofspace(otherthanthemailroom)forinformaldiscussionwas

noted.Thistooshouldnotbeaproblemafterthemove tothenew building.A few random

suggestionsinclude:i)purchasealargechartofnucleiforthewall;ii)connectthelibraryMAC to

aprinter,iii)paypeoplewho makecoffeemorethanonceaday(It).Sincemostparticipantsstay

attheUniversityMotel,Ipassalongafinalquotebyonevisitor:."TheUniversityMotelroom was

excellentbutthemanagerand(particularly)hiswifeseemedtogooutoftheirway tobedifficult

andunpleasant"

From anorganizer'sstandpoint,theefficientandverycordialINr steffma_ :he

administrationofthisprogramveryefficientandremarkablypainless.
• .
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Week 1: No Seminars Scheduled

Week 2:

Wednesday, Feb. 19 Dynamical Enhancement of Weak Interactions
Victor Flambaum, University of New South Wales

Friday, Feb. 21 Measurements of the Nucleon Polarizability
Alan Nathan, University of Washington

Week 3:

Monday, Feb. 24 Search for Direct CP Violation
LincolnWolfenstein,CarnegieMellonUniversity

Wednesday, Feb.26 NuclearTestsofChiralSymmetry
BarryHolstein,UniversityofMassachusetts

Friday,Feb.28 Measurement ofRecoilForm Factorsand
Symmetry TestsinA=8 Nuclei

LudwigdeBraeckclccr,UniversityofWashington

Week 4:

Monday, March 2 Spin Content of the Proton
Steven Bass, University of Washington

Wednesday, March 4 37Ca Beta Decay: Is the Gamow-Teller
Coupling Renormalized in Nuclei?

: Eric Adelberger, University of Washington.

Friday, March 6 Neutron Electric Dipole Moment Calculations
Iosif Khriplovich, University of Michigan



Week 5:

Monday, March 9 The Nuclear Structure Dependence of Radiative
Corrections in Superailowed Fermi Decay

Ian Towner, Chalk River Labs

Wednesday, March 11 Nuclear Physics and Dark Matter
Jon Engcl, University of Delaware.

Friday, March 13 Non-Mesonic Hypernuclear Weak Decay and
Possible Violation of the Delta I=112 Rule

Reinhard Schumaeher, University of Washington

Week 6:

Monday, March 16 Optical Model Description of Parity
Nonconserving Neutron Scattering
Pctr Vogel, Caltech

Wednesday, March 18 Particle Physic Implications of High
Accuracy Analysis of Parity
Nonconservation in Cesium

Jonathan Sapirstein, Notre Dame

Thursday, March 19 A Search for mu ..> e + gamma and a
New Determiination of the Michel
Parameter rho

Robert Tribblc, Texas A&M

Week 7:

Monday, March 23 What's (m) up?
Daniel Wyler, University of Zurich

Tuesday, March 24 Symmetry Tests in t_,e Nucleon- Nucleon System
Willem van Oers, Ur_versity of Manitoba

Wednesday, March 25 Recent Investigations on the Structure of the
Weak Nucleon Current

Masato Morita, Josai University

Precision Tests of Electroweak Interactions
Dallas Kennedy, Fermilab

Thursday, March 26 Quantum Mechanics of Neutrinos at High Density
Jim Pantaleone, University of California at Riverside

Friday, March 27 Quark-Lepton Families Understood (?)
Denys Wilkinson, University of Washington



Friday, March 27 Physics of a 17 KeV Neutrino
Boris Kayser, Nat'l Science Foundation

Week 8:

Monday, March 30 CP Violating eN Interactions
Xiao-gang He, University of Melbourne

Wednesday, April 1 Variations on the Aharonov.Bohm Effect
BarryHolstein,UniversityofMassachussetts

Friday,April3 Muonium toAntimuonium Conversstionand
ExoticMuon Decay inLeft-RightSymmetric
Models

Peter Herezcg, LANL

Week 9:

Monday, April 6 CP Violation in Nonleptonic Lambda Decay
Gerald Miller, University of Washington

Wednesday, April 8 Measurements of Strangenss Matrix Elements
of the Nucleon

Ernest Henley, University of Washington

Friday, April 10 CP Violating NN Interaction
BruceMcKellar,UniversityofMelbourne

Week 10:

Tuesday April 14 Anapoles and Tetrapoles
Patrick Sandars, Oxford University

Long Baseline Neutrino Oscillation
Experiments

James Pantaleone,UC Riverside

Thursday,April16 SearchforT-ViolationinNuclearMuon-
Capture:Why and How?

JulesDeutsch,Universityof Louvain

Friday,April17 AtomicParityand Time ReversalExperiment
at UW

E. Norval Fortson, University of Washington.



Week 11:

Tuesday, April 21 Nuclear Parity Violation
Bern'andDesplanques,ISN,Grenoble

Thursday April 23 Effects of Isotope Shifts on Atomic Parity
Nonconservation

Jessica James, University of Oxford

Friday April 24 Tests of Parity and Time Reversal with
Cold Neutrons

Steve Lamoreaux, University of Washington

Week 12:

Monday, April 27 Neutral Currents and Strangeness of the
Nucleon

SamoilBilenky,UniversityofValencia

Tuesday,April28 AtomicStructureCalculationsforParity
ViolationStudiesinAtomic Cs

WalterJohnson,UniversityofNotreDame

Wednesday, April 29 Quadrupole P-Odd Electron-Nucleus
Interaction

Maksim Pospelov, Novosibirsk

Thursday, April 30 The Compound Nucleus: Statistics and Tests
of Fundamental Symmetries

SteveTomsovic,Universityof Washington

Friday,May 1 ' ParityViolationintheCompound Nucleus
J.DavidBowman, LANL

Week 13:

Monday, May 4 ChiralCorrectionstoPhoton-NucleonProcesses
UlfMeissner,UniversityofBeta

Tuesday,May 5 The RulesofBaseball
JerryMiller,UniversityofWashington

Wednesday,May 6 QuaternionsinQuantum Mechanics
BruceMcKeller,UniversityofMelbourne

Thursday,May 7 ElectromagneticDeflectionofSpinning
Particles

JohnCostclla,UniversityofMelbourne



Friday, May 8 T-Tests with Polarized Neutrons
Pasha Kabir, Univeristy of Virginia

Week 14:

Monday, May 11 Delta (1232) Excitations in Compton and
Neutrino Scattering

Nimai Mukhhopadhyay, R.P.I.

Wednesday, May 13 Magnetic Neutrino Interactions with
Solar Matter

BahaBalantekin,UniversityofWisconsin

Thursday,May 14 DoubleBetaDecay and an ExoticConnectionto
SolarNeutrinos

Wick Haxton,UniversityofWashington

Friday,May 15 The SolarNeutrinoPuzzle:What'sSNU?
JohnBahcall,UniversityofWashington

Week 15:

Monday, May 18 Measuring Nuclear Form Factors Using
Polarized Leptons

PaulSouder,SyracuseUniversity

Wednesday,May 20 ProgressinLiquidDriftChamber Detectors
forAstroparticlePhysics

DavidCline,UCLA

Thursday,May 21 AtomicEffectsinBetaDecay
E. G. Drukarev

Friday, May 22 Rare Meson Decay: Probing the
Generation Structure

Douglas Bryman, TRIUMF

Week 16:

Tuesday, May 26 Scattering of Polarized Particles on Chiral
Molecules

Maxim Pospelov

Wednesday, May 27 Time Reversal Experiments with Polarized
Nuclei

Timothy Chupp, University of Michigan



APPENDIX M

Program 8 (INT-92-2)
STRANGENESS IN HADRONS AND NUCLEI

Organizers:CarlDover,Ben Gibsonand JerryMiller

The strangenessdegreeoffreedominhadronicsystemsprovidedthe overallphysicsfocus

of thisprogram. The principaltopicsinvestigatedwere strangequark matter,strangeness

as a signatureofquark-gluon-plasmaformation,and the structure,decaysand production
mechanismsofhypernuclei.

Inthefirstpartoftheprogram,themain topicofdiscussionwas "strangelets',a hypothet-
icalform ofstablestrangequarkmatter.The focuswas on mass predictionsforsuchobjects,

regionsofstabilitywithrespecttoweak and strongdecays,productioninrelativisticheavyion
collisions,eitherby coalescencec.fhyperonsand nucleons,orby strangenessdistillationfroma

quark-gluon-plasma,and astrophysicalimplicationsofstablestrangequarkmatter,suchas"a
neutronstars.Severalefforts,bothindividualand collaborative,arosefromtheratherspirited
discussionson strangelets.Forinstance,JesMadsen completeda paperon thestrangeletmass

formrL',inwhichtheconsequencesof a curvatureterm (proportionalto theradiusR) were

explor_ This term,which isrepulsive,was foundtobe significantforsmallbaryonnumber
A. Shaw and Desai,togetherwithCrawford,an experimentalistwho providedan injectionof

realismintothetheoreticaldiscussion,completeda paperonconstraintson strangematterpro-

ductionfrom existingheavy iondata.A collaborationofDover,Gal,MiUener,Schafl'nerand
St5ckerwas formedtoinvestigatethelimitsofstabilityofmulti-strangehyperonicmatterina

relativisticmean fieldapproach.Thiseffortyieldeda strikingresult:usingexperimentaldata

on A and E hyperonbindingtonuclei,itwas foundthathyperonicmatterwithstrangeness

IS}/A_-1,and densityp _ 2p0,couldbe stableinthebulklimit(A _ 0,chargeq _ 0).Due
tothePauliblockingofstrongEN _ AA decayswhen A orbitsareoccupied,multi-strange

systemsaslightaszo^ATHecan be stableagainststrongdecay.Such lightsystemscouldbe
formed withobservableratesinAu+Au collisionsat AGS energies,and serveas "doorway
states"fortheformationofevenmore stablestrangequarkobjectsofthesame A, ifthelatter

exist.Thiswork,initiatedattheNINT, isnearingcompletion.

The secondmajorthrustoftheprogramwas hypemuclearphysics.Here,numerousseminars

focusedon hypernuclearstructure,productionmechanisms,aswellasstrong,electromagnetic

and weak decays.The activediscussionswhichensuedledtoa number ofcollaborationson

specifictopics.Forexample,Kaufmann and Chakravartifocussedon theconstructionofan
improvedreactioncodeforhypemuclearproductionwiththe 0r+,K +) reaction,Gobbi,Gal

and Doverworkedon theanalysisofrecent(K-,K +)dataon nucleartargets,Afnan and Gib-
son collaboratedon studiesofreactionsinducedfrom the---+ d system,usinga three-body

formalism,aswellasA + d scatteringinthevicinityofthethresholdfor_ production,Dover

and Volkovitskyworkedon theoreticalestimatesofH dibaryonand pentaquarkproduction
withhighenergyhyperonbeams,and Bennhold,Ramos and Saghaiareinvestigatingphoto-

productionprocessesinvolvingstrangeness(relevanttotheCEBAF program),ltisanticipated

thatmostofthesecollaborations,begun duringProgram 8,willleadtoresearchpapers.There
werealsonumerousotherdiscussionson a varietyoftopicsinstrangeparticlenuclearphysics.

Essentiallyallattendeesparticipatedactivelyintheseminarsand subsequentdiscussions.The

program benefitedfrom the presenceofa number ofstudents(Blotz,Desai,Gobbi,Olesen,
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PROGRAM 8 (INT-92-2) PARTICIPANTS

Arrive Depart

1. Iraj Afnan Flinders University July 13 July 15
July 19 August29

?. RogerC. Barrett University of Surrey August9 September1

3. CorneliusBennhold TRIUMF July20 July24

4. AndreeBlotz Ruhr-Universit,_t Bochum June7 June28

5. Joseph Carlson Los Alamos National Lab July8 August7

6. Soumya Chakravarti California State Polytechnic July 1 September 1

7. Steve Cotanch North Carolina State University July 17 August3

6. HenryCrawford University of California June22 June28

9. Mukesh Desai University of California at Irvine June 1 July26

10. CadDover Brookhaven National Laboratory June8 July31

11. AvrahamGal Hebrew University June 15 June28

July 14 August21

17. BenGibson Los Alamos National Laboratory July 13 August7
August17 August29

13. DavidGill TRIUMF July 19 July24

14. CarloGobbi Universit_=idi Pavia June6 August 28

15. CarstenGreiner Universit,_tErlangen/NOmberg June 10 June26

16. DeanHalderson Western Michigan University July20 July31

17. AtsushiHosaka TRIUMF June29 June30

18. ByronJennings TRIUMF July 13 July 15
August3 August8
August 12 August 14

19. Chueng-RyongJi North Carolina State University July6 July 12

20. WilliamKaufmann Arizona State University June22 August15

21. BorisKerbikov Institute for Theoretical and Experimental Physics June 12 August9
August16 August18
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Arrive Depart

22. GregoryK_ Ohic State Uinversity June9

23. Peter Koch-Steinheimer Universiti_Regensburg June14 July11

24. Boris_k:_/ich Joint Institutefor NuctearResearch June15 August9

25. RuldmLandau OregonState University July20 July31

m ClarenceL Lee CaliforniaInstituteof Techno/ogy August25 September8

27. DinghuiLu OregonState University July19 July31

2B. Matthias Lutz Universit_itRegensburg July18 July24

29. Jes Madsen Universityof Aarhus June7 July 10

30. Km Maltman YorkUniversity August8 August22

31. Raffaele Mattiello Universit_tFrankfurt August1 August18

32. Tm Mefford OregonState O:niversity July19 July31

33. DavidJohn Millener Bn:x:_khavenNat/on,a/Laboratory June7 August8
August22 August31

34. Tosl_ Motoba OsakaElectro.CommunicationUniversity July24 August21

35. MakotoOka TokyoInstituteof Technology August2 August16

36. MichaelOlesen Universityof Aarhus June7 July12

37. AngelaOlinto FermiNationalAccelera_orLab June13 June29

35. MadappaPrakash State Universityof New Yorkat Stony Brook June22 June28

39. Johann Rafelski Universityof A6zona June10 June17

40. AngeLsRamos TRIUMF July20 July24

41, AndreasReuber Institutfor Kernphysik-JEdich August7 September1

42. B_lanSaghai Centred'Etudes Saclay July14 August30

43. J0rgen Schaffner Univers_t Frankfurt June10 July17

44. GordonShaw Universityof Ca[domia June14 June27

45. PeterB. Siegel CaliforniaStatePolytechnicUniversity August9 September1

46. HorstSt_cker Universit_ Frankfurt June6 June19

47. Peter Volkovitsky Institutefor Theoreticaland ExperimentalPhysics June12 August1

46. AnthonyG. Williams Florida State University JulY26 August8
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Crawford, Henry Lawrence Berkeley ....................................................... June 22 - June 28
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Dover, Carl Brookhaven National Lab ....................................................... June 8 - July31
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e
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August 17 - August29

Gill, David TRIUMF ................................................................................... July 19 - July24
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Kerbikov, Boris ITEP Moscow ................................................................. June 12- August 9
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Kopeliovich, Boris Joint Institute for Nuclear Research .......................... June 8 - August9
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Madsen, Jes University of Aarhus ............................................................ June 7 - July 10

Maltman, KIm York University ................................................................... August8 - August22

Mattlello, Raffaele University of Frankfurt ............................................... AugustI - August 18

Mefford, Tlm Oregon State University ...................................................... July 19 - July31

Millener, John Brookhaven National Lab .................................................. June 7 August8

August22 - August31

Miller, Gerald University of Washington ................................................... June 7 - August23

• Motoba, Toshio Osaka Electro-Communication University ...................... July24- August21

Oka, Makota Tokyo Institute of Technology .............................................. August2 - August 16

Olesen, Michael University of Aarhus ....................................................... June 7 - July 12

Olinto, Angela University of Chicago........................................................ June 13 - June 29

Prakash, Madappa SUNY- Stony Brook ................................................... June 22- June 28
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Williams, Anthony Florida State University ............................................. July26 - August8

Program 8 Participants



UniversityofWashington

InstituteforNuclearTheory
HendersonHall,HN-12 '
Seattle,WA 98195

Program 8 Seminars

Strangeness in Hadrons and Nuclei
June 8 - August 31, 1992

Week 1:

Thursday, June 11 Strange Quark Matter
CarlDover,BrookhavenNational Lab

Friday,June 12 StrangeBaryonsasSolitonsintheNambu-Jona.
LasinioModel

AndrceBlotz,RuhrUniversity-Bochum

Week 2:

Monday, June 15 Multi.strangeness Production in Relativistic
Heavy Ion Collisions

Horst Stocckcr, University of Frankfurt

Tuesday, June 16 Hot Hadronic Matter and Strange Antibaryons
JohannRafelski,UniversityofArizona

Wednesday, June 17 Weak Decay RatesinStrangeQuark Matter
JesMadsen,UniversityofAarhus

Thursday,June 18 BoilingofQuark MatterDropletsand NeutronStars
MichaelOlescn,UniversityofAarhus

Friday,June 19 ProductionofS-DropsinRelativisticHeavy Ion
Collisions

Mukesh Desai, University of California-Irvine

Week 3:

Monday, June 22 Technological Implications of Stable Strange
Quark Matter

GordonShaw,UniversityofCalifornia-lrvine

Tuesday,June 23 High SensitivitySearchesforExoticObjects
Hank Crawford, LawrenceBerkeleyLab

SurvivalofStrangeQuark Droplets
CarstcnGreiner,UniversityofErlangen



Wednesday, June 24 Strangeness in the Heavens
Angela Olint_ University of Chicago

Rapid Cooling of Neutron Stars by Hyperons
and Strange Condensates

Madappa Prakash, SUN-Y-Stony Brook

Thursday, June 25 Strange Baryons in the Skyrme Model
Carlo Gob_... INFN- Pavia

Week 4:

Tuesday, June _0 Metastable Exotic Multist_-a__lgeObjects
Juergen Schaffner, Universi_ ,f Frankfu_-t

Wednc,.:.lay, July I Str2 .-7._.._essas a Signature of the Quark-
( ;luon-Plasma

Peter Koch, University of Regensburg

Thursday, 5uly 2 Strange Baryon.Antibaryon Interactions at Low
Energy

Boris Kerbikov, ITEP-Moscow

Week 5:

Monday, July 6 Interaction of Charmonia with Nucleons and
Nuclei at Low Energy

PeterVolkovitsky, ITEP-Moscow

Tuesday, July 7. Hadro- and Electro.production of the Phi, OZI
Rule Violation and Strangeness in the Proton

Boris Kopeliovich,JINR Moscow

Wednesday, July 8 Mesons in the Light.Cone Quark Model
Chueng-Ryong .Ii,North Carolina State University

Week 6:

Monday, July 13 The Binary Reactions of Strange and Charmed Particle
Production in Proton-Antiproton Collisinns

,,. Peter Volkovitsky, ITEP-Moscow

Tuesday, July 14 Hyperons _nd the Spin.Orbit Force
Byron Jennings, TRIUMF

Friday, July 17 Hyperon.Nucleon Intere ._ions and Light Hypernuclei
Joseph Carlson, LANL



Week 7:

Monday, July 20 Open Questions in Strange Particle Nuclear Physics
Carl Dover, Brookhaven National Lab

Tuesday, July 21 Hypernuclear Structure Physics
John MiUener, Brookhaven National Lab

Wednesday, July 22 Prospectus for Hypernuclear Physics at KAON
David Gill, TRIUMF

Kaons in Dense Matter
Matthias Lutz, University of Regensburg

Thursday, July 23 Hypernuclear Weak Decay
Angels Ramos,

Friday, July 24 Kaon Electromagnetic Production on Nucleons and
Nuclei

Cornelius Bennhold, TRIUMF

Week 8:

Monday, July 27 The Lambda-Nucleon G-Matrix
Dean Halderson, Western l_flchigan University

Tuesday, July 28 Bound States, Resonances and Poles in Kaon-Nqclear
Systems

Rubin Landau, Oregon State University

Wednesday, July 29 .Kaon Radiative Capture, Electroproduction, and
Form Factors

Steven Cotanch, North Carolina State University

Thursday, July 30 Spin Observables in Kaon Photoproduction
Bijan Saghai, Saclay •

Week 9:

Monday, August 3 Production of Polarized Hypernuclei with Pions, Kaons
and Photons

Toshio Motoba, Osaka Electro-Communications University

Tuesday, August 4 Lambda-Deuteron Scattering
Iraj Afnan, Flinders University

Thursday, August 6 Phi.production as a Probe of the Strangeness Content
of the Nucleon

Anthony Williams, Florida State University

Friday, August 7 Instanton Induced Interaction in Hadron Spectra
Makoto Oka, Tokyo Institute of Technology



Week 10:

Monday, August 10 Creation of Extended Strange Many-Particle States
in Relativistic H. L Reactions

Raffaele MattieUo, University of Frankfurt

Tuesday, August 11 High.Energy Pion-Nucleus Scattering
Soumya Chakravarti,California State Polytechnic University

Friday, August 14 Kaon-Nucleus Interactions
PeterSiegel,CaliforniaStatePolytechnicUniversity

Week 11:

Tuesday,August 18 Hyperon.NucleonInteractionsinFreeSpaceand
inNuclearMatter

AndreasReuber,InstitutfuerKernphysik-Juelich

Wednesday, August19 HypernuclearPropertiesDerivedfrom Juelichand
NijmegenYN Interactions

ToshioMotoba,OsakaElectro-CommunicationsUniversity

Thursday,August 20 Kaon Regenerationand theMSW Effect
Wick Haxton,UniversityofWashington

Week 12:

Tuesday, August 25 Relativistic Equations for Meson-Nucleus Reactions
RogerBarrett,UniversityofSurrey

Thursday,August27 InformalSummary: '92PhotonuclearGordon
Conference

JohnMiUener,BrookhavenNationalLab
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PROGRAM 4#9:MICROSCOPIC NUCLEAR STRUCTURE THEORY

8 SEPTEMBER- 18 DECEMBER 1992

B. R. BARR_TT(U ARIZONA) AND J.P.VARY(IOWA STATE U)

FINAL REPORT

The goalofthe program on MicroscopicNuclearStructureTheory was tofocus

attentionon thelong-standingproblemofaccuratelycomputingtheeffectiveHamiltonian

forperformingnuclearstructurecalculations,startingfrom realisticformulationsofthe

nucleon-nucleon(N-N) interaction.The toneoftheentireprogramwas setby theworkshop

held14-18September and attendedby 28 out-of-townparticipantspluslocalphysicists.

Thisworkshopwas completelysuccessfulinidentifyingtheimportantpointsofinterestto

theproblem,suchas,thebestN-N interactionstouse,thefactthattheseN-N interactions

alonetendtounderbindnuclearsystems,thestatusof_xlstingshell-modeltechnology,the

problemsoftryingto compute thebasicperturbationseriesforthe shell-modeleffective

interaction(now generallyreferredtoastheQ-box),theadvantagesand limitationsofthe

"no-core"model-spaceapproachtocomputingthe Q-box,and theextremeusefulnessof

theLee-Suzukiand Kuo-Krenciglowaapproachesforsumming thefoldedQ-box seriestoall

orders,soastoproducean energy-independenteffectiveinteraction.The participantscame

away from theworkshop withwell-directedenthusiasm,leadingtoearlybreakthroughsin

outstandingproblems.

Becauseofour largecoregroup of12 physicistswho were presentforallornearly

allofthe 15weeks ofthe program,thishigh-levelofenthusiasmwas maintainedthrough-

out theprogram. We were abletoassemblesucha largecoregroup,becauseofour long

leadtimeofnearlytwo yearsinorganizingtheprogram.Over thecourseoftheprogram

49 out-ot-townparticipantstookpart,ofwhom 29 were from domesticinstitutionsand

20, from foreigninstitutions.Of this49 therewere 34 seniorresearchers(31 theorists,

threeexperimentalists),fiveresearchassociatesand juniorfacultyand tengraduatestu-

dents.The averagenumber ofparticipantsper week was 21,with a peak of28 during

the workshop. The seminarschedulewas limitedtonot more than one per day (except

duringtheworkshop).The seminarswerewell-attended(generallyover20 attendees)with

livelydiscussionsand interactions.There was a seriesoftutorialsby seniorparticipants,



includingtheorganizers,topresentindetailhow one performsnumericalcalculationsfor

determiningeffectiveinteractionmatrixelements.

The main thrustofthe program was to seekand findsolutionsto the di_cult

remainingproblemsincomputingtheshell-modeleffectiveinteraction,and themajority

ofthe coregroup plusa number ofthe shorter-termparticipantsconcentratedon this.

Some oftheprincipalsuccesseswere:

1.The initialdevelopmentofimprovedeffectiveinteractionsformodel spacesinwhich

thereisa secondtruncationata fixedlevelofmany particleexcitations;

2. The identificationofmore optimalmethods totreatthespuriousCM motionprob-

lem;

3. The._useofa "no-core"model space,in which allA nucleonsare takenas active

particlesina largebasisspace;

4. Inconnectionwith#3, theverificationthattheQ-box iswellapproximatedby the

two-particleBruecknerreactionmatrixG, and effective3-body forcesseem tobe

relativelyweak;

5.The convenienceofthe Lee-Suzukiand Kuo-Krenciglowaapproachesforsumming

thefoldedQ-box seriestoallorderstoobtainan energy-independenteffectiveHamil-

tonian;

6.The modificationoftheLee-SuzukiapproachtoyieldHermitianeffective-interaction

matrixelements;and

7.The flrstdevelopmentoftheformulationforcomputingothereffectiveoperators,

besidestheinteractions,inthesame model space.

A number ofotherproblemswere alsodiscussedand investigated,suchas,

(1)shell-modelcalculationsina correlatedspaceforstudyingthemicroscopicoriginof

theInteractingBoson Model,

(2) higher-order Random-Phase-Approximation calculations,

(3) the use of symmetries for determining optimal truncations for shell-model calcula-

tions,

(4) the application of nuclear many-body techniques to atomic clusters, and

(5) the determination of potentials for doing hypernuclei calculations.



It was decided by the participants that we should have a "test problem," against

which we could measure the progress of the field over the time span of a decade or more.

The "test problem" agreed upon is to obtain the low-lying (up to 15 MeV excitation energy)

spectroscopy of 160, including the binding energy of the ground state, using a realistic N-N

potenti_ supplemented by a three-nucleon interaction. The suggested interaction is the

Reid soft core (preferably rewritten in the V14 form of Wiringa and coworkers). The test

problem includes the evaluation of aLI experimental observables with these states, where

data exist for comparison.

In this regard the organizers recommend that the INT sponsor a two-week workshop

in about two years time (the best time would be the summer of 1995) to determine what

progress has been made, both with regard to the test problem and to other outstanding
problems in the field.

Overall, the participants were satisfied with and enthusiastic about the program,

starting with the workshop. The program interactions greatly stimulated their interests,

so that considerable progress was achieved. Some participants would have preferred even

more interactions by more of the participants, but it is not obvious how this can or should

be done. A major problem with the existing facilities is the lack of space for a discussion

room with a blackboard. With three to five physicists per room, informal discussions

were greatly inhibited, because such discussions would annoy the other occupants of the

room who might be trying to work. Hopefully, this will be remedied by the new home

of the INT in 1994, which will have much more space, especially its own discussion and

seminar room(s) where researchers can meet. Overall group communication could perhaps

be increased by having regular group functions, such as a group dinner once a week or

every other week. The few group functions, which we had, were well-attended and highly
successful.

We th'_uk the INT staff for their help, especially regarding the day-to-day operation

of the program. In retrospect it is clear that forms regarding participation dates and

housing should have been mailed earlier to proposed participants, as is now being done for

future programs.



I NSTTUTE FOR N UCLEAR T HEGRY

" Microscopic Nuclear Structure Theory
September 8, 1992 to December 18, 1992

PROGRAM 9 (INT-92-3) PARTICIPANTS

Arrive Depart

1. Klaas Allaart Free University September7 September19

?. ChairulBahri Louisiana State University November1 December2

3. AkifBaha Balantekin University of Wisconsin September3 October 14

4. BruceR. Barrett University of Arizona September5 December19

5. JonathanR. Bennett University of Wisconsin September20 October 15

6. IgnazioBombaci State University of New York at Stony Brook October 12 December9

7. PieterBrussaard R.J. van de Graafflaboratorium September15 October 15

6. RichardF. Casten Brookhaven National Laboratory November4 November7

9. Alan J. DeWeerd University of Wisconsin.Madison September 20 October9
l

10. Abdoulaye Diallo University of Arizona September26 October3

11. Alex E. L. Dieperink Rijksuniversiteit September 13 October3
October4 October9

1_). PaulJohn Ellis University of Minnesota September 8 December14

13. HendrikGeyer University of Stellenbosch November24 December10

14. Joseph N. Ginocchio Los Alamos National Laboratory September7 October2

15. Jifa Hao State University of New York at Stony Brook September6 December18

16. Jochen H. Heisenberg University of New Hampshire September8 September25
November4 November12
November15 November20

17. DieterHeiss University of Witwatersrand September 18 October29

18. HartmutHofmann Universitat Erlangen-NOmberg September 13 September30

19. LeneJaqua University of Arizona September 13 September26

20. CalvinJohnson California Institute of Technology September3 October 1

21. MichaelKirson Weizmann Institute of Science September 7 September19

22. ThomasT.S. Kuo State University of New York at Stony Brook September7 December16

23. Serdar Kuyucak Australian National University October4 October13
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Arrive Depart

24. ZibangLi State University of New York at Stony Brook September6 December18

25. PerttiLipas University of Jyv_sky#J October5 November28

26. Eugene R. Marshalek University of Notre Dame October 1 October13
November1 December8

27. RobertJ. McCarthy Kent State University September8 December 18

DavidJohnMillener Brookhaven National Laboratory September8 December 16

29. Takahiro Mizusaki University of Tokyo September 10 October5
November6 December12

30. Steven A. Moszkowski University of California - Los Angeles November 18 November21

31. HitoshiNakada University of Juntendo November4 November22

32. RashidNazmitdinov University of Notre Dame October 1 October28

33. RyojiOkamoto Kyushu Institute of Technology November22 December3

34. EivindOsnes University of Oslo September7 September20

35. TakaharuOtsuka University of Tokyo September 15 September23
November10 December19

36. Stuart Pittel University of Delaware October 11 November1

37. George Rosensteel Tulane University September8 December18

38. AlanJames Sommerer Iowa State University November7 November15
December 5 December11

39. JohnSpence Iowa State University November4 November14
December 3 December14

40. KenjiSuzuki Kyushu Institute of Technology November22 December3

41. IgalTalmi Weizmann Institute of Science September1 December16

42. DimitriVan Neck Laboratory for Theoretical Physics October5 October25

43. James P. Vary Iowa State University August16 December16

44. Petr Vogel California Institute of Technology Septembel 7 September17

45. MichelWaroquier Laboratory for Nuclear Physics October4 October13

46. HansWeidenmueller Max Planck Institut for Kernphysik August23 September12

47. RobertWiringa Argonne National Laboratory November8 December4

48. VictorZamfir Brookhaven National Laboratory September13 September20

48. Dao-ChenZheng University of Arizona September13 December18
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I NSTITUTE FOR N UCLEAR T HEORY

Microscopic Nuclear Structure Theory
September 8, 1992 to December 18, 1992

PROGRAM 9 (INT-92-3) SEMINARS

Klaaa Allaart Free University
September10 The Shell Structureof a Quantum LiquidDropas Seen in NuclearSpectralFunctionsand Response

Chalrul Bahri Louisiana State University
November9 Pseudo-spinSymmetryin NuclearPhysics

Akif Baha Balantekln University of Wisconsin
September 16 Use of SymmetryTechniquesin NuclearStructurePhysics

Bruce R. Barret_ University of Arizona
October23 The Theoryof the ReactionMatrixG and Its CalculationUsingthe BHM Api)mach
November10 SuperdeformedBands inNucleiand the Proton-NeutronInteractingBosonModel

Jonathan R. Bennett University of Hfisconsin
September22 NUC.PHYS.LAB SEM.:Descrip.of Nuc. Struct.Effects inSubbarrlerFissionby the InteractingBoson Model

Ignazlo Bombecl State University of New Yorkat Stony Brook
November18 Propertiesof Nuclear Matter in an ExtendedBruecknerApproach

Pleter Bruesaerd R.J. van de Graafflaboratorium
September18 Other Forms 04EffectiveInteractions
October 14 Two-bodyCurrentsand the TransverseResponseof Nuclei at La_e MomentumTransfer

Richard F. Caeten Brookhaven National Laboratory
November6 Valence CorrelationSchemesandNuclear Phenomenoiogy:A Challengeto MicroscopicTheories

Alan J. DeWeerd University of Wisconsin-Madison
October 2 Quark-antiquarkPair Productionin FluxTubes

Abdoulaye Foula Diallo University of Arizona
September29 An Improved1/N Boson Expansionand Its Applicationto g-factorsin Nuclei



Alex E. L.Diepsrink Rijksuniversiteit
September28 Semi-inclusiveDeep InelasticScatteringon Nucleonsand Nuclei

Paul John Ellis University of Minnesota
October30 Implicationsof a ModifiedGlueball PotentialforNudear Matter

Leonid Frankfurt Tel Aviv University
October5 New Insightinto IntemucieonForces

Hendrlk Geyer University of Stellenbosch
December8 EffectiveOperatorTheory inBosonMappings

Joseph N. Glnocchlo Los A/amos NationelLaboratory
September15 Towardsa MicroscopicUnderstandingofthe InteractingBoson Model
September23 NuclearStructurePhysicsfor Cross-DisciplinaryApplication"FractionalQuantum Hall Effect"

Wick Haxton University of Washington
September17 LanczosTechniquesin Shell ModelCalculations

Jochan H. Heisenberg University of New Hampshire
September17 What the ExperimentalistsWant

Dieter Holes University of Wrlwatersrand
October 1 Phase Transitionsin NucleiandQuantum Chaos

Michael Havrmann University of Washington
October28 NUC. THEORY SEM.: Propertiesof the Rho-mesoninDense NuclearMatter:.A HadronicPoint of View

Hertmut Hofmann Universit_itErlangen-NOmberg
September24 ClusterSymmetry inUght Nuclei

Charles Horowltz University of Indiana
October6 RelativisticNuclear Structure

Lena Jaqua University of Arizona
September15 Status of Microscopic Effective InteractionCalculations
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Calvin Johnson Caliom/a Institute of Technology
September11 Monte CarloPath Integralsfor the NuclearShell Model

Michael Klrson Weizmann Institute of Science

September 18 Program9 WorkshopSummaryTalk

Thomas T.S. Kuo State University of New York at Stony Brook
September 14 BasicTheory of the Shell Model Interaction

September30 InterdisciplinaryApplicationsof NuclearStructure Physics-'An IsingModel for NuclearMatter"
November5 Tutorialson EffectiveInteractionCalculations

December10 IntruderStates andthe DifferenceBetweenHermitianand Non-Hermitian Effective Interactions

Serdar Kuyucak Australian National University
October8 1/19Expansioninthe InteractingBosonModel;Gentler Approachto Some Structure& Reaction Problems

Perttl Llpas University of JyviiskyliJ
October21 InterdisciplinaryApplicationsof Nuclear StructurePhysics"Shell-ModelCalculationsof AtomicClusters"

Eugene R.Marshslek University of Notre Dame
November20 CrankingAnharmonicCollectiveVibrations

Robert J. McCarthy Kent State University
September16 Better N-N Potentials

December9 Self-ConsistentLee-SuzukiCalculationsin a One-Dimensicnal ModelSpace with Applicationsto A<5 nucl.

Thomas Meissner Univers_ of Washington
November4 NUCLEARTHEORY SEMINAR: Baryonsas Solitonsinthe Nambu-Jona-LasinicModel

David John MIIlener Brookhaven National Laboratory
September17 Large BasisShell ModelClaculations

Gerald Miller University of Washington
December1 Color Transparency-AQuantum MechanicalInvisibility

Takahiro Mlzusakl University of Tokyo
December7 A MicroscopicCalculationof the IBM Hamiltonianfor the Xe-Ba Isotopes

Steven A. Moszkowskl University of California - Los Angeles
November19 Narnbu-Jona-LasinicModel:A BridgefromQCD to NuclearStructure?



Hitoahl Nakada Juntando
November16 ProtonHalo in81]??

Rashid Nazmitdlnov University ot Notre Dame
October20 CollectiveExcitationsof FIotatingNuclei

RyoJl Okamoto Kyushu Institute of Technology
November23 HermitianEffective InteractionTheoryand Its Applicationto the NuclearMany-BodyProblem

Eivind Oanas University of Oslo
September14 Status of MicroscopicEffective InteractionCalculations

Takahsru Otauka University of Tokyo
September1,6 Shell Model of UnstableNuclei

Stuart Plttal University of Delaware
October19 The Nuclear Detectionof Galactic Dark Matter

George Rosensteel Tulane University
September21 UnifiedDynamicalSymmetryof RotatingSystems inClassicaland Quantum Mechanics

John Spanca Iowa State University
November13 VariationalTamm-DancoffApproachto QCD

KanJi Suzuki Kyushu Institute of Technology
November23 Hermitian Effective InteractionTheory and Its Applicationto the Nuclear Many-Body Problem
November30 Reformulationof the Coupled-ClusterMethod inView of the Effective-InteractionTheory

Igal Talmi Weizmann Institute of Science
September14 EmpiricallyDeterminedEffective Interactions
November2 PHYSICS COLLOQUIUM:The Shell Modeland BindingEnergies04NucleiandAtoms

Dlmltrl Van Neck Laboratory for Theoretical Physics
October13 Fragmentation of Single-particleStrengthforDeep-lying Hole States

James P. Vary Iowa State University
October7 NUCLEAR THEORY SEMINAR:ContinuumBoundStatePhenomenainQED
November12 Tutorialson EffectiveInteractionCalculations:Treatment of SpuriousComer-of-Mass Motion



Pctr Vogel Calilomia Institute of Tech_
SeptemberlS Nuclear Physics,DoubleBeta Decay and Dad( Matter

Michel Weroquler Laboratory for Nuclear Physics
October 12 Single-t)articleFragmentationin Open-ShellNuclei

Robert Wirings AJgonne NationalLaboratory
November24 MicroscopicCalculationsof NuclearStructureand Nuclear Correlations

Deo-Chen Zheng University of Arizona
September 18 Relativityofthe Shell Model
December3 - Exact Solutionsof Model HamiltonianProblemswithEffective Interactions
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INSTITUTE FOR NUCLEAR THEORY

UHIVIlISlTY OF WASHINGTON _ C_QM&,_
Hmnm_H_ i.][N.U• S,_u4WAStags FAa(_)ilS4_0

SCHEDULE or .hNT PROGRAMS - 1993 AND1994

• rr-_l/_g _993
NUCLEAR PHYSICS IN ATOMS AND MOLECULES - February 15,1993 to May 28,1993

Organizms: Eupn Mm-zbach_ - emall:ulysseOuac t_ 919-962-3021
/_a Fr_ - _ _Ohmpf te_ _S_ST_S4
l_mdt Mfill_ - emafl:muUer@phy.duke.edutel:919-684-8195

INT-93-2/Summ_ 1993

PHENOMENOLOGY AND LATTICE QCD - June21,1993to September3,1993
Ors,nm_ S_hen _pe- euu_ s_VeOSatUeo.phys.w__du _ _,-_-_gS

GregoryI_31cup- ema/l:kilcup@paciflc.mps.ohio-state.edutel:614-292-3224
JohnNegele - _ negele_a_itlns.mlt.edu tel:617-253-7077

INT_/Autumn 1993

LARGEAMPLITUDE COLLECTIVEMOTION. October 4,1993 to December 17,1993
Orsan/z_ AurelBulg,c - em_ b__ te_S17-3._,4

GeorgeBertsch- email:bertsch@phast.phys.wash/ngton.edutel:206-685-3972

• rr_4-_/Sprmg 1994
SOLARNEUTRINOS AND NEUTRINO ASTROPHYS ICS- February22,1994 to May 31,1994

OrlPm/zers: BaheBalantekin- email:bahe@wisnud.physics.wisc.edutel:608-263-_)31
Eusene Beier - email:_neb@ul>mnS.hep.upenn.edu tel:215-898-5960

INT-94-2/Sumnuu.1994
AFPLICATIONS OF CHAOS IN MANY-BODY QUANTUM PHYSICS

- June 13,1994to September2,1994
Organizem Sg,ven Tomsovic- email:tcmsovicOmax.u.wuhlngmn.edu tel:206-50-3901

Eric_ - emafl:_bs_r-hem.w_edu tel: 206-543-1767
HansWeidenmiUler-_ haw@dhdmpiS.bitnettel:49-30-89001223before7/31/93

49-6221-516540after7131/93

INT-94-3/Aummn1994

HOT AND DENSE NUCLEAR MATr_ - September 12,1994 to December 10,1994
_: l_g_ Randrup - emall: randrup@lbLbimettel:510-486-6157

George8ertsch - email: bertsch@phast.phys.wash/ngton.edutel:206-685-3972
UlrichMosel - email:mosel@ptggy.physik.uni-giessen.detel:49-641-702-2800

Hyou are interested in participating in any of these INT programs, please contact the program's
organ/zens directly. Researchers at the beginning of their careers and from under-represented
groups are especially encouraged to apply. Summer programs will usually tnclude a one to two
week school and/or a short workshop aimed at advanced graduate students and beginning
researchers.

CALLTO INSTITUTE AFFILIATES

Ali interested physicists (experimental and theoretical) are invited to become Affiliates of the
Institute. We will keep Institute Affiliates informed of INT activities and plans by means of
periodicnewslette_; thereis no charge. TobecomeanAHiliate, pleasesend your name, address
telephone number and email address to the Institute at the address I/stedabove.

_"" Please Post



National APPENDIX Q

INSTITUTE FOR NUCLEAR THEORY

UNIVERSITY OF WASHINGTON TELEPHONE(206) 685-3360HL_IDEILSO'_IHALL,HN-12 • S_vrt._, WA 98195 FAx (206)685-3730

Nvmed Murdock Fellows

Program 1 - None

Program 2
Hans A. Bethe, Newman Laboratory, Cornell University, Ithaca, NY
Gerald E. Brown, SUNY, Stony Brook, NY
Jim Wilson, Livermore National Laboratory, Livermore, CA
Wolfram Wei_e, University of Regensburg, Germany
Sr,Mord Earl Woosley, UCSD, Santa Cruz, CA

Program 3
Mildos Gyulassy, Lawrence Berkeley Laboratory, Berkeley, CA
Berndt MUller, Duke University,Durham, NC
Robert D. Pisarski, Brookhaven National Laboratory, Upton, NY
Edward Shuryak, SUNY, Stony Brook, NY

Program 4
James Friar, Los Alamos National Laboratory, Los Alamos, NM
Walter Gloeckle, Univeristy of Bochum, Bochum, Germany
Peter Sauer, University of Hannover, Hannover, Germany
John Tjon, University of Utrecht, Utrecht, The Netherlands

Program 5
Robert Carlitz, University of Pittsburg, Pittsburg, PA
Carl Carlson, College of William & Mary, Williamsburg, VA
Frank Close, Rutherford Laboratory, Oxon, England
Richard Cutkosky, Carnegie-Mellon University, Pittsburg, PA
Nathan Isgur, CEBAF, Newport News, VA
Gabriel Karl, University of Guelph, Guelph, Ontario, Canada
Harry Lipkin, Weizmann Institute of Science, Rehovot, Israel
Ulf Meissner, Universit_it Berry,,Bern, Switzerland

Program 6

David Ernst, Texas A & M Univniversity, College Station, TX
Gerald Garvey, Los Alamos National Lab, Los Alamos, NM
William Gibbs, Los Alamos National Lab, Los Alamos,NM
Mikkel Johnson, Los Alamos National Lab, Los Alamos, NM
Leonard Kisslinger, Carnegie Mellon University, Pittsburgh, PA
Brian Serot, University of Indiana, Bloomington, IN
J,_seph Speth, Institut ftir Kernphysik, Jiilich, Gem_any
Daniel Strottman, Los Alamos National Lab, Los Alamos, NM
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Named Murdock Fellows (continued)

Program 7

Peter Herczeg, Los Alamos National Lab, Los Alamos, NM
Barry Holstein, University of Massachusetts, Amherst, MA
Iosif B. Khriplovich, Academy of Science, Novosibirsk, USSR
Bruce McKeller, University of Melbourne, Victoria, Australia
Lincoln Wolfenstein, Carnegie Mellon University, Pittsburgh, PA

Program 8

Carl B. Dover, Brookhaven National Laboratory, Upton, NY
Avraham Gal, Hebrew University, Jerusalem, Israel
Benjamin F. Gibson, Los Alamos National Lab, Los Alamos, NM
Jes Madsen, University of Aarhus, Aarhus, Denmark

Program 9

None

Program I0

Ludmila Bogdanoma,!nstitute of Theoretical & Experimental Physics,
Moscow, Russia

James L. Friar, Los Alamos National Laboratory, Los Alamos, NM
Walter Johnson, University of Notre Dame, Notre Dame, IN
Iosif S. Khriplovich, Institute of Nuclear Physics, Novosibirsk, Russia
Eugen Merzbacher, University of North Carolina, Chapel Hill, NC
Peter Mohr, National Institute of Standards & Technology, Gaithersburg, MD
John D. Morgan III, University of Delaware, Newark, DE
Berndt Mtiller, Duke University, Durham, NC
P. G. H. Sandars, Clarendon Laboratory, Oxford, UK
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APPENDIX R

University of Washington

Institute for Nuclear Theory
Henderson Hall, HN-12, Seattle, WA 98195

Members of 1992 National Advisory Committee

E-mail Hom_ Phone _ffice Phone Ea2t

Professor Aidto Arima 03-3812-2111 03-3918-3163

Tokyo, Japan

Pmfess_ George Bertsch bertsch@msunscl.bitnet 517-353-5963 517-353-5967
East Lansing, MI

Professor GeraldE. Brown popenee_sunysbnp.bitnet 516-941-9293 516-632-7989
Stony Brook, NY

Dr.GeraklT. Garvey garvey@l_unpf.bimet 505-667-2000
Los Alamos, NM

Professor Steven Koonin koonin@callech 818-794-3520 818-356-4586 818-564-8708
Pasadena, CA

ProfessorArthurMcDonald mcdonald_mips2.phy.Queensu.cat 613-545-2702 613-545-6813
Kingston, Ontario 613-389-1365

Professor AlfredH. Mueller 212-854-3338 212-932-3169
New York, NY 212-854-3339(secy)

212-854-3366(dept)

Professor John Negele negele_mitlns.bimet 617-862-1812 617-253-7077 617-253-8674
Cambridge, MA

Dr. Helmut Satz satz_cemvm 41-22-767-2466 41-22-782-3914
Geneva, Switzerland

Dr. J. D. Walecka walecka_cebafvax 804-249-7583 804-249-7398
Newlxm News, VA

US Denartmentof Ener_RyRenrgsentatives

Dr. David Hendrie hendrie_aniphy 301-353-3613
Weshington, D.C.

Dr. JosephMcGrory mcgmry_ mailgw.er.doe.gov 301-903-3613 301-903-3833
Washington,D.C.
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APPENDIX S

Universityof Washington
Institute for Nuclear Theory

Henderson Hall, HN-12, Seattle, WA 98195
i

Membersof 1993NationalAdvisoryCommittee

E-mail Home Phone Office Phone Fax

ProfessorAkito Arima 81-3-3812-2111 81-3-3818-3163

Tokyo, Japan

Dr. CarlB. Dover dove_i_bnldag 516-928-9154 516-282-3791 516-282-3000
Upton,NY

Dr. JamesL. Friar fiim_lampf.bitnet 505-672-1924 505-667-6184 505-665-4055
Los Alamos, NM

Dr. GeraldT. Garvey garvey@lampf.bitnet 505-983-3430 505-667-2000 505-665-4055
Los Alamos, NM

Dr. RobertMcKeown 818-356-4316 818-796-5675
Pasadena, CA

ProfessorAlfred ii. Mueller 212-854-3338 212-932-3169
New York,NY 212-854-3339(secy)

212-854-3366(dept)

Dr. Ben Mottelson mottelson_nordita.dk 45-3142-1616 45-3138-9157
Copenhagen, Denmark

ProfessorJohn Negele negele@mitlns 617-862-1812 617-253-7077 617-253-8674
Cambridge,MA

Dr. Helmut Satz satz@cernvm 41-22-767-2466 41-22-782-3914
Geneva, Switzerland

US Demrtment of Enert_,- Reoreselltatiyes

Dr. David Hendrie hendrie_anlphy 301-903-3613 301-903-3833
Washington,D.C.

Dr.JosephMcGrory mcgrory@mailgw.er.doe.gov. 301-903-3613 301-903-3833
Washington,D.C.
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