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ABSTRACT 
This is the Annual Progress Report of the theoretical particle theory group at the 

University of Florida under DOE Grant DE-FG05-86ER40272. At present our group 
consists of four Full Professors (Field, Ramond, Thorn, Sikivie), one Associate Professor 
( W o o d a d ) ,  and two Assistant Professors (Qiu, Kennedy). In addition, we have four 
postdoctoral research associates and seven graduate students. The research of our group 
covers a broad range of topics in theoretical high energy physics including both theory 
and phenomenology. Included in this report is a summary of the last several years, an 
outline of our current research program. 

OUTLINE 

I. Introduction 
11. Particle Theory Personnel 

(a) Faculty 
(b) Postdocs 
(c) Graduate Students 

111. Scientific Statements of the Group Members 
IV. Activities of the Particle Theory Group 

Appendix A. Group Publications 
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I. INTRODUCTION 
This progress report on theoretical elementary particle physics is presented by the 

Particle Theory Group at the University of Florida. The particle theory group has ben- 
efited substantially from the creation of the Institute for Fundamental Theory (IFT) at 
the University of Florida. The IFT is an interdisciplinary center involving high energy 
theory, condensed matter theory, cosmology-astrophysics, and mathematics and receives 
operating funds from the University of Florida. 

The high energy theory group at the University of Florida was created in 1980 with 
the arrival of T. Curtright, R. D. Field, P. Ramond, and C. Thorn. The following year we 
were successful in acquiring a DOE grant. We were joined in 1981 by P. Sikivie. At  that 
time the group had two postdoctoral associates, one funded by DOE and the other by the 
Department of Physics. In 1987, in response to the formation of the IFT, the group was 
allowed to increase by two junior faculty. These positions were filled by Z. Qiu in 1988 
and R. Woodard in 1989. T. Curtright left the group in 1986 to join the faculty at the 
University of Miami. In 1993 we hired Dallas Kennedy from Fermilab to fill Curtright’s 
position and to bring the size of the group to seven faculty. 

This year R. Woodard was promoted to Associate Professor, so at present our group 
consists of four Full Professors (R. D. Field, P. Ramond, C. Thorn, and P. Sikivie), one 
Associate Professor (R. Woodard), and two Assistant Professors (D. Kennedy, 2. Qiu). In 
addition, we have four postdoctoral research associates. Three are funded by the DOE and 
one is funded by the IFT. We have a good group of graduate students and have produced 
at least one Ph.D. in each of the last seven years. 

The scientific activities of our group are rich and varied, ranging from theoretical 
theory all the way to numerical phenomenology. At  one end of the spectrum, the baffling 
conceptual theoretical problem of formulating a consistent quantum theory of gravity is 
one aspect of the research conducted here. The extraordinarily rich superstring theory as 
the only known consistent theory of quantum gravity also provides a theoretical laboratory 
in which this difficult subject can be studied. Further, string theory offers new directions 
of study and links between hitherto unrelated fields of study. Some of these directions are 
explored in research conducted here. 

This year on February 11-13 we hosted our second IFT workshop on “Yukawa Cou- 
plings”. The three day workshop attracted over 80 participants (theorists and experi- 
menters) and was quite successful. 
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II. PARTICLE THEORY PERSONNEL 

(a) Faculty 
The following is a list of the faculty members of the particle theory group and their 

status. Dallas Kennedy is the newest member of the group. Dallas received his Ph.D. from 
Stanford University under Bryan Lynn and was a Research Associate at Fermilab before 
joining the group. This year Richard Woodard was promoted to Associate Professor with 
tenure. 

Name 
R. D. Field 

D. Kennedy 

Z. Qiu 

P. Ramond 

P. Sikivie 

C. Thorn 

R. Woodard 

Position 
Professor 
(9/1/80-present) 

Assistant Professor 
(9/1/93-present) 

Assistant Professor 
(9/1/89-present) 

Professor 
(9/1/80-present) 

Assistant Professor 

Associate Professor 

Professor 
(9/1/88-present) 

Professor 
(9/1/80-present) 

Assistant Professor 

Associate Professor 
(8/ 1 /94-present) 

( 9/ 1 /8 1 - 9/ 1 /84) 

(9/1/85-8/31/88) 

(9/1/89-8/1/94) 

(b) Postdoctoral Fellows and Long Term Visitors 
We have been fortunate to have had excellent postdoctoral research associates over 

the years. We have had as many as six concurrent postdoctoral positions. At one time two 
were funded by the Department of Physics, one by IFT and three by DOE. However, at 
present, the Department of Physics no longer provides for postdoctoral research associates 
and we have four positions (three supported by DOE and one supported by the IFT). As 
the following table shows, most of our postdocs have obtained good jobs upon leaving our 
S O U P .  
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Particle Theory Postdoctoral Fellows 
Name Length of Stay Position after UF 
E. Braaten (9/1/81-8/31/83) Northwestern University 
M. Chase (9/1/81-8/31/83) CERN 
M. Sat0 (9/1/82-5/1/83) Japan 
F. del Aguila (9/1/82-8/31/84) University of Granada 
M. Doria (9/1/83-8/30/85) Los Alamos 
R. Holman (7/1/83-6/30/85) Fermilab 
V. Rodgers (9/1/85-8/30/87) Stony Brook 
J. McCabe (9/1/85-8/30/87) LAPP 
P. Oh (9/1/86-7/31/87) Korea 
D. Harari (9/1/86-8/31/89) Buenos Aires, Argentina 
J. Minahan (9/1/87-8/31/90} University of Virginia 
D. Zoller (9/1/87-8/31/90) University of Cincinnati 
s. Yost (9/1/87-8/31/91) University of Tennessee 
A. Polychronakos (IFT,9/1/87-8/31/90) Columbia University 
C. Preitschopf (9/1/88-9/30/91) Goteburg, Sweden 
M. Awada (10/1/89-8/31/91 University of Cincinnati 
S. Martin (9/1/90-8/31/92) Northeastern University 
S. Rey (9/1/90-7/31/91) Korea 
S. Sin (IFT,9/1/90-8/15/92) Han-Yang University 
Y. wang (9/1/91-8/1/93) Fermilab 
M. McGuigan (9/1/91-8/1/94) Physical Review 
P. Griffin (10/20/91-8/1/93) - 

(8/1/93-8/1/94) SSC Fellow at UF 
(8/ 1 /94-present) - 

K. Anagnostopoulos (8/1/93-present) - 
M. Booth (8/1/93-present) - 
0. Bergman (IFT, 8/1/94-present) - 

This year M. McGuigan accepted a position at the Physical Review. Also P. Griffin’s 
SSC fellowship has ended and he has agreed to stay one more year with us as a postdoc. 
In addition, this year the IFT has provided us with an addition position. Our new IFT 
postdoc is Oren Bergman from M.I.T. (a student of R. W. Jackiw). 

In addition to postdoctoral research associates, we have had several long term visitors 
that have contributed significantly to our group. Jooyoo Hong visited our group for a year 
and has recently obtained a faculty position at Han-Yang University. Also M. Masip from 
the University of Granada, Spain and M. de Montigny &om the University of Montreal, 
Canada have worked in our group. Masip and de Montigny came with their own fellowship 
money. 
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Particle Theory Long Term Visitors 
Name Length of Stay Inst it uti on 
J. Hong (3/1/91-8/31/92) Han-Yang University 
M. de Montigny (9/ 1 /92-9/ 1/93) University of Montreal 
M. Masip (9/1/91-present) University of Granada 

(e) Graduate  Students 
We have been successful in attracting good graduate students and in placing them in 

postdoctoral research positions. We feel that the training students in theoretical physics 
is an important part of our role. Each year we send students to summer programs such 
as TASI and SLAC. The following is a list of our current graduate students together with 
our former students and their position after graduating. 

Name 
M. Ruiz-Altaba 
D. Hong 
R. Viswanathan 
M. Chu 
C. Hagmann 
T. McCarty 
G. Kleppe 
B. Wright 
E. Piard 
B. Keszthelyi 
H. Arason 
D. Casta60 
S. Carbon 
J. Kim 
S. Mikaelian 
J. Rubio 
M. Tayebnejad 
Y. Kanev 
N. Irges 
W.-L. Liu 

Particle Theory Graduate Students 
Advis o r 
Ramond 
Ramond Ph.D. 9/1/88, Korea 
Ramond 
Thorn 
Sikivie Ph.D. 8/3/90, UC Berkeley 
Ramond Ph.D. 8/3/90, industry 
Ramond Ph.D. 8/91, V.P.I. 
Ramond 
Ramond 
Ramond Ph.D. 8/93 
Ramond 
Ramond Ph.D. 8/93, M.I.T. 
Thorn Ph.D. 8/93, industry 
Sikivie Ph.D. expected in 1994 
Thorn Ph.D. expected in 1994 
Woodard Ph.D. expected in 1994 
Field Ph.D. expected in 1995 
Sikivie-Field Beginning research 
Ramond Beginning research 
Qui Beginning research 

Position after UF 
Ph.D. 9/1/87, University of Geneve 

Ph.D. 9/1/89, ICTP in Trieste, Italy 
Ph.D. 4/1/90, DAMPT in Cambridge, U.K. 

Ph.D. 8/92, University of Wisconsin 
Ph.D. 8/93, University of Virginia 

Ph.D. 8/93, teaching in Iceland 

Under our present funding profile, graduate students are supported by the department 
with teaching assistantships (TA) during the Academic Year. We support the students 
with DOE and IFT (and sometimes DSR) funds during the summer. In addition, whenever 
funds permit we would like to support students during the last stages of their Ph.D. 
research. 
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III. Scientific Statements of the Group Members 

(a) R. I). Field 
This year Paul Griffin and I completed and published our second paper on detecting 

the Higgs boson at ultra high energy colliders (Phys. Rev. D50, 302 (1994)). In this 
second paper, we extended our jet-jet profile analysis methods to include the WW decay 
modes of the Higgs as well as the 22 channel. The profile analysis works equally well on 
the away-side W --.) qq system. However, for the WW channel one must contend with 
the gg 3 tf‘ background. To enhance the Iv-jet-jet signal a profile analysis is performed 
on both the “toward-side” (;.e., the 2v trigger side) and on the “away-side” jet-jet system. 
On the toward-side the detailed manner in which transverse energy is distributed around 
the charged lepton is examined and on the away-side observables are defined that help 
distinguish the jet-jet system resulting from the hadronic decay of a W boson from two 
jets arising from the “ordinary’’ QCD parton shower of a large transverse momentum colog 
non-singlet parton. Our technique which we refer to as a toward and away-side ‘.‘profiie’’ 
analysis can be summarized by the following series of selections and cuts: 

0 Charged-lepton and missing ET trigger. 
0 Toward-side profile analysis. 
0 Jet pair selection. 
0 Away-side jet-jet profile cuts. 
0 Away-side jet-jet invariant mass cuts. 

The invariant mass of the away-side jet-jet pair is used only in the selection of events, 
the Higgs mass is reconstructed from the momentum of the jet pair with Mjj  set equal 
to Mw. With both toward and away-side profie cuts we are able to obtmn signal to 
background enhancements of around 1,000. 

Recently I have become interested in Neural Networks aad their applications to high 
energy physics. I studied several books and learned how to construct various types of 
networks. I have been working with Paul Grifh and some of the graduate students 
(Tayebnejad, Prescott, Zeini, and Kanev). I gave several lectures on neural networks and 
together we developed a variety of way to ”train” networks. We tested our techniques on 
severd “toy” problems and have recently begun applying neural networks to several high 
energy physics problems. “ayebnejad is working on his thesis and should complete his oral 
exam this semester. Prescott and Zeini are new graduate students. They have worked 
with me for the past year and have also worked in the experimental group with John 
Yelton. I believe they will get their degree in experimental physics, but I will continue to 
work with them as well. Kanev has worked with both me and Pierre Silcivie. 

A Neural Network is a mathematical device or tool that can be used to recognize one 
type of input from another. The input of the net consists of N numbers from one of two 
possible classes. The two class are referred to as the “signal” and the “baclcground”. For 
each set of N input numbers the Net dculates one output number which ranges from 
cero to one. The object is to program (or “teach”) the Net to respond with a number dose 
to one for the “signal” and to respond with a number close to zezo for the ”background”. 
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The net is then used to distinguish between “signal” and “background”. I believe that 
Neural Networks can be a useful tool in high energy physics and we are attempting to 
apply them to the following situations. 

0 Cascade decays at CLEO - Here we are trying to “teach” a neural network to recognize 
E- decays. As input to the net we are using nine variables the characterize the 
E 4 AT decay mode (e.g., length of flight, impact parameter, decay angle, vertex fit 
information, etc. ). We hope the net will allow for an improvement in the signal to 
noise ratio. If we are successful with the S- decays we will try Eo decays as well. An 
improvement in the signal to noise in these decays (particularly the Eo) would help 
CLEO better detect 2, particles. JohnYelton has helped us with this project. 

0 Higgs decay at the LHC - Here we are attempting to use neural networks to identify 
Higgs bosons produced at the LHC. We are starting with the 22 decay mode of the 
Higgs and hope to “train” the net to distinguish between the two jet system originating 
from q@ the decay of the 2 boson arising from Higgs decay from algandom jet pair 
coming from the “ordinary” QCD gluon bremsstrahlung of quarks and gluons ariskg 
fiom subprocesses such as qg -+ Zq or q@ 3 Zg. As input to the net we have selected 
14 variables that characterize the two jet system such as the transverse momentum, 
invariant mass, and skewness of the jet pair. In addition, nine of the variables are used 
to indicate the precise manner in which transverse energy is distributed around this 
jet-jet system. We hope that the neural network will allow us to extend the success 
we had at indentfying Higgs at ultra high collider energies ( i . e . ,  4OTeV) down the 
lower LHC energy range. 

0 Calorimeter pattern recognition - This is an ambitious attempt to turn a calorime- 
ter into a giant neural network. The energy of each calorimeter cell is inputted di- 
rectly into a neural network, Here it is necessary to design a neural network with 
the azimuthal symmetry present in calorimeters used in hadron- hadron collisions. 
We started off with calorimeters containl, g only a few cells and were successful at 
“teaching” the network to recognize one and two “jet” configurations. We have pro- 
gressed to a calorimeter with 960 cells and we are attempting to “teach” it to recognize 
Higgs- 22 decay at the LHC. The challenge here is that such a network (with 960 
inputs) has a memory consisting of over 10,000 parameters and “training” such a 
large network by varying these parameters requires a lot of computer time. With 
modern high speed computing this might be possible and we might be able to create 
a “thinking” calorimeter. 

(b) D. Kennedy 
Until approximately a year ago, my major area of physics research was the theory 

and phenomenology of electroweak gauge interactions; my secondary area of research 
was neutrino astrophysics, particularly the solar neutrino problem. The electroweak re- 
search started with my thesis work at Stasford (with Bryan W. Lynn) and included a 
new theoretical treatment of electroweak radiative corrections and precision electroweak 
measurements, as well as a numerical Monte Carlo simulation code, EXPOSTAR, now 
in use at SLAC and CERN. This work continued at the University of Pennsylvania (first 
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postdoctoral fellowship) with Paul Langacker, concentrating on precision tests of the elec- 
troweak Standard Model and the so-called "S,T,U" formalism, derived from my thesis 
results by Peskin and Takeuchi, and at Fermilab (second postdoc), in collaboration with 



(c) 2. Qiu 
In recent papers, I consider a string theory with two types of strings with geometric 

interaction. I show that the theory contains strings with constant Dirichlet boundary 
condition and those strings are glued together by 2-d topological gravity with macroscopic 
boundaries. A light-cone string field theory is given and the theory has interactions to 
all orders. This is a string theory that incorporates non-critical d 5 I strings into critical 
bosonic string theory. In the first quantized language, the amplitude of the string theory 
has new contributions from “colored” Riemann surfaces, black and white in our case, 
which come from interactions between two types of strings. The white region represents 
ordinary bosonic string with suitable boundary condition and the black region the non- 
critical strings. Therefore in the calculafion of amplitudes in the theory one not only has 
to s u m  over all surfaces but also has to sum over the coloration and all possible black 
strings as well. 

There are many interesting questions one can consider following this idea. How,tp 
determine the exact mass spectrum of the modified bosonic string theory? The covariant 
formulation of the theory is another interesting problem in its own right. 

I also study the role of interacting sector in string theory with d > 1. I consider the 
non-critical string theory in dimensions 1 < d < 25 and study the scaling behavior of 
the partition function. The “string susceptibility” is calculated. The comparison with 
d 5 1 non-critical string theory is made and the interpretation of the so-called “c = 1 
barrier” is addressed. I also consider the quantization of the theory in critical dimensions 
in conformal gauge. 

The main result of the paper is that I give a procedure to find the new fixed point 
of non-critical string theory of d > 1. The scaling properties of the new string theory 
is discussed. It is this new %xed point” that gives a non-trivial d dimensional non- 
critical string theory. A new scaling relation is derived and its solution gives the “string 
susceptibility” of the new fixed point. 

It is obvious that the above prescription hints a much simple formulation of the prob- 
lem in terms of matrix model. Works in this direction are in progress. My work also 
provides a “stringy” way to deform one non-critical string theory to other. It could help 
us to understand better the space of all string theories. 

There are close connections between the study of string theory and that of two di- 
mensional conformal field theory. The two-dimensional conformal .field theory is a very 
powerful tool in studying the properties of physical systems where the relevant degrees 
of freedom exhibit local scale invariance. The familiar examples are the two-dimensional 
critical phenomena and the properties of strong coupling k e d  point of Kondo impurity 
system. 

In fact, many recently advances in these two subjects are based on the advance in the 
mathematicdl structure shared. The more familiar examples are the connections obetween 
closed string theory and the bulk conformal field theory, open string theoxy and boundary 
critical phenomena, non-ghost theorem in string theory and the question of unitarity in 
conformal field theory, superstring and superconformal field theory, modular invariance as 
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consistent condition of string theory and its role to determine the spectrum of conformal 
field theory. 

The other subject of interest is the non-local effect in conformal field theory. These 
include the boundary conformal field theory which has been explored extensively in the 
last few years. My would like to understand other type of non-local effect. One particular 
case is that two conformal field theories sharing a common boundary. The central object 
of interesting is an “interacting vertex” connecting two Hilbert spaces. The study of 
conformal interference also provides the mathematical tool needed in studying interactions 
of different types of strings. 

I am also beginning to look again at the problem of string compactification, to- 
gether with H. Tye of Cornel1 University. The hope of many researchers that some 
non-perturbative string effect will resolve the gap between string theory and standard 
model has not been realized. So it may be a good time to approach this problem in a 
different way by first understanding the space of all compactifications. Then look for ~J-Ic 
restrictions imposed by known physics. The hope is that the research in this direction 
may offer hint about how a particular compactification or compactifications are favored. 
Furthermore any better understanding of the physics beyond standard model will offer 
more restrictions and similarly the structure of the space of all compactifications might 
also give some guidance to physics beyond standard model. 

(d) P. Ramond 
Recent Activities 

Last year my students and I finished our large paper on running couplings in the 
minimal supersymmetric standard model. In the summer of 1994, all my remaining stu- 
dents graduated. In the Fall of 93, I taught an advanced course on the standard model, 
and incorporated the course notes into the book I have agreed to publish with Addison- 
Wesley. I continued to work with our postdoc M. McGuigan on trying to understand the 
notion of duality in 2 + 1 dimensions. Unfortunately we were not able to make progress 
of sufficient novelty to publish. I started several projects which are nearing completion. 
One is in collaboration with Steve Martin, on changing the running of the gauge cou- 
plings so as to achieve gauge unification at a higher scale compatible with superstring 
theory. This entails the introduction of intermediate thresholds in the desert. This pa- 
per should be finished in the next month or so. I started another project with a bench 
physicist, Pierre Binktruy, on using (ABJ anomalous, but with the anamaly cancelled by 
the Green-Schwartz mechanism) phase symmetries to narrow down possible textures, an 
offshoot of my work with Ross and Roberts on cataloguing possible Yukawa textures. A 
third research project, in collaboration with several students, 3. Rubio, C. Prescott, and 
N. Irges, examines the radiative corrections which contribute to the branching ratio‘ of 
2 + e+e-. It t u r n s  out that the strong corrections are needed for agreement with data, 
and serve as an indirect way of measuring the strong coupling at Mz. The allowed range 
of a# depends on which d u e  of the Weinberg angle is used, SLAC or LEP. This should 
result in a paper sometimes this Fall. 
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In February of this year, I organized the second IFT workshop on Yukawa couplings, 
and this took up a great deal of my time. It was very well attended, as the enclosed 
program shows. The Proceedings will be published by International Press. 

In June I was invited to lecture at TASI on supersymmetry. 
I am continuing to write for my book, hoping for completion by this Christmas. 

(e) P. Sikivie 
In spring ’93, Eric d’Hoker, who is a faculty member at UCLA, and I wrote a paper on 

the Casimir-like force between two beads on a straight string. We calculated the quantum- 
mechanical zero point energy of the string as a function of the distance r between the two 
masses. The resulting force between the beads is attractive and falls off as $ for large 
distances (or small masses) and as f for short distances (or large masses). That paper 
was published in Phys. Rev. Letters. This year, with some help from Yogi Kanev who is 
a student at the University of Florida, we have found very efficient analytical methodsd 
compute forces of this type and have generalized our results to other dimensions (i.e. beads 
on sheets and on 3-dimensional hypersheets embedded in a higher dimensional space), to 
allow for stiffness in the string or sheet, and to allow for finite temperature. We will soon 
write a paper on the subject. 

David Tanner, Yun Wang and I wrote a paper describing an experimental scheme to 
search for galactic halo axions with mass of order eV. The cavity technique becomes 
unwieldy for axion mass larger than about eV. The detector we propose consists of 
a large number of parallel superconducting wires embedded in a material transparent to 
microwave radiation. The wires carry a current configuration which produces a static, 
inhomogeneous magnetic field wherein axions may convert to photons. Our paper will 
be published in Phys. Rev. 13. To think of techniques that allow one to search for 
dark matter axions over ever wider ranges of mass is a research god to which I have 
felt committed for a long time. At present, I am thinking of techniques to extend the 
search towards smaller masses, namely the range lo”* eV < mu < eV for which 
there is good theoretical motivation in case inflation occurs after the Peccei-Quinn phase 
transition. 

Last spring (’94) Jaewan Kim, who has been working towards his Ph.D. degree under 
my guidance and who is planning to graduate next summer, wrote a paper in which we 
derive the response of a wiggle on a string to adiabatic stretching of the string for both 
longitudinal and transverse wiggles and for arbitrary equation of state, i.e. for arbitrary 
relation between the tension r and the energy per unit length c of the string. The Nambu- 
Goto string corresponds to the particular case e = 7. Our analysis completes the program 
Jooyoo Hong, Jaewaa Kim and I started two years ago to derive the renonnalization of 
string parameters which results from averaging out small scale wiggles on a string. Our 
main motivation has been to try and improve our understanding of cosmic gauge strings 
but the formalism we have developed is quite general and may have applications in other 

Yun Wmg, Igor Tkachm, both of whom are post-doctoral felluws at Fermilab, and I 
have been studying galactic halo formation with the particular goal of determining as well 

areas. 
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quark confinement in QCD. While it is undoubtedly true that the ’t Hooft’s l / N ,  expan- 
sion of QCD leads to some kind of a string theory (assuming quark confinement), this 
“QCD string” is quite a different object than the subcritical string obtained from dual 
models. For one thing, the QCD string must be compatible with asymptotic freedom and 
contain hard point like structures. For another, QCD is not generally Covariant and hence 
could never produce a graviton in a consistent approximation. A couple of years ago h3. 
McGuigan and I showed that the Regge trajectories predicted by large Nc QCD must be 
nonlinear - in sharp contrast to the exact linearity of Regge trajectories in zero coupling 
string theory. We did this by calculating the large t behavior of quark-antiquark Regge 
trajectories in large Nc QCD. Because we work at large t ,  perturbation theory is expected 
to be reliable. We published this work in a 1992 Physical Review Letter. A striking 
implication of these results is the prediction that the p trajectory should approach zero 
fiom above as t + -m. Since existing measurements of the p trajectory indicate that 
it crosses zero at t - -.5(GeV)2 and decreases further to around -.7 for. t -7 (GeV)2, 
this raises questions about how the QCD predictions square with the red ktorld. Thercib 
persistent evidence that the measured value of crp(t) increases when it is extractkd from 
higher energy data. 

In Fall 1992 a graduate student Mikaelian and I studied the trends of existing data in 
order to estimate when asymptopia should set in and to decide whether future experiments 
might be able to resolve the discrepancy. We fit the data to a superposition 

M = P1(t)sO + P2(t )sQ(t )  
where the first term is a crude representation of the hard parton QCD prediction and the 
second term serves to parametrize the soft hadronic part of the process. We found that a 
value of /32//31 - 20 gives a rough acount of the energy dependence found in the measured 
p trajectory. For extremely high s, say 4000GeV2 the QCD term should stand out clearly. 
I presented these results to a conference at Coral Gables in January 1993. Mikaelian is 
currently seeking more understanding of the apparent suppression of hard components 
in Regge scattering in the context of a simple potential model that mimics the scaling 
violations of QCD. This work will form a substantial part of his doctoral dissertation. 

I have written a recent Physics Letter (late 1993), in collaboration with Brodsky and 
Tang, in which we estimated the normalization of the contribution of the “hard QCD 
reggeon” calculated by McGuigan and me to some purely hadronic inclusive processes. 
Interestingly, the calculation predicted a relatively small contribution, so that the low 
measured value of the rho trajectory is consistent with a “hard rho trajectory” above 
zero: much higher energies are needed to expose the true rho trajectory. 

My interest in finding more fundamental formulations of string theory continues. In 
1993 Steve Carbon and I carried out a systematic study of the short distance structure of 
string theory via high momentum transfer scattering amplitudes. In particular we made 
a detailed exploration of the role “sister h g g e  trajectories” play at high momentum 
transfer. This study is a major component in the research of my student Carbon who 
received his Ph. D. in May 1993. A joint article by Carbon and me on the interpretation 
of sister trajectories in terms of string configurations has recently appeaxed as a rapid 
communication in Physical Review D. (1994). 
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In May and June 1993 I participated in a workshop on strings and black holes at the 
ITP in Santa Barbara. There I became intrigued by recent advances in understanding 
the information loss problem associated with Hawking radiation from black holes. One 
indication from recent work of 't Hooft and Susskind is that a resolution of the information 
loss paradox probably involves a profound reduction in degrees of freedom at the Planck 
scale. Since this is &so a prominent feature of the reformulation of string theory I am 
pursuing, my enthusiasm for further work in this direction has substantially increased. I 
recently completed a long paper exploring the micro/macro connection between string bits 
and strings in my model. This work has been submitted to Physical Review D. (1994). 

In the next few years I expect my research efforts to involve: 
1. Continued efforts to find a fundamental formulation of string theory. Progress here 

could of course have important implications for quantum gravity and perhaps even the 
black hole information loss problem. An immediate project is a followup on my last 
paper to include supersymmetry. This is probably an essential ingredient to ensyrg 
the stability of the model. A successful supersymmetric string bit model would be a 
tremendous improvement over previous fundamental formulations of string theory. 

2. Consideration of possibilities for using existing accelerators to get a better handle on 
Regge trajectories in the regime predictable by perturbative QCD. The Tevatron is 
clearly a relevant machine, but I am also getting excited about the use of HERA for 
the study of Regge trajectories. This can be done because at ZEUS they are involved 
in studying the fragmentation of the proton as well as structure functions. There is a 
definite possibility that study of inclusive charge exchange from the proton will allow 
the extraction of the rho trajectory in a new kinematic domain. Estimates of cross 
sections along the lines followed by Brodsky, Tang and me, discussed above, should be 
helpful in assessing the viability of such experiments, both at HERA and the Tevatron. 

3. Continued efforts toward a bootstrap approach to solving large Nc QCD. This project 
is currently on a back burner for me, since the phenomenology of measuring Regge 
trajectories at the Tevatron and HERA is now my prime focus. 

(g) R. Woodard 
My basic interest is quantum gravity in the larger context of Lagrangian field theory 

and particle physics. For most of the past year I have worked in collaboration with 
Professor Nicholas Tsamis of the University of Crete on the implications of quantum 
gravity for the problem of the cosmological constant. This problem is that Einstein's 
theory of gravity has an apparently free parameter called the "'cosmological constant" 
whose current value must be fine tuned to  one part in in order to prevent the 
radius of the universe from either shrinking to near zero or else expanding exponentially. 
The problem is especially vexing because direct observations of the present large scale 
structure indicate that the very early universe underwent a period of rapid expansion 
known as "idation." One consequence is that the effective cosmological constant must 
once have been at least 34 orders of magnitude larger than the current bound; the usual 
assumption of inflationary cosmology is that the excess was actually more than 100 orders 
of magnitude. There is no larger hierarchy problem in physics. -her, the transition 
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from inflation to the current epoch of slower expansion critically affects the observed 
density, makeup, and distribution of matter. 

For the past three years Nick and I have been pursuing the idea that quantum gravity 
might mediate the transition from inflation because gravitons are unique among the known 
massless particles in possessing a coupling of dimension three and in violating conformal 
invariance. We call this theory, “quantum cosmological gravity,” or QCG, in order to 
distinguish it from the conventional theory with zero cosmological constant. Our initial 
work produced the first correct perturbative formulation of QCG. By this Spring we had 
used the formalism to establish the following facts: 
(1) Although QCG is not perturbatively renormalizable, it can still be used reliably as a 

quantum theory in the far infrared; 
(2) QCG corrections to the large scale structure of an inflating universe become strong at 

late times; 
( 3 )  QCG dominates the large scale structure of an inflating universe with respect to any 

matter theory whose current phenomenological viability does not require fine tuning; 
(4) If one assumes that the natural vacuum of inflation suffers only perturbatively small 

corrections then asymptotic graviton scattering amplitudes are infrared divergent even 
at tree order; 

(5 )  Modulo some tensor algebra, causal time evolution from an initially inflating universe 
results in QCG corrections which act to slow inflation by an amount that becomes 
non-perturbatively large at late times. 
This summer’s work has removed the qualification, “modulo some tensor al ebra,” 

from point (5).  Starting from a homogeneous and isotropic free vacuum on T x R, 
we follow the evolution of the expectation value of the invariant element in co-moving 
coordinates: 

(01 g p v ( t ,  Z) dxPdxv 10) = -dt2 + a2(t) dZ-  dZ 

I .  

. c  

5 

Fkom this we define the (generally coordinate invariant) effective Hubble constant as: 

I am happy to report the following result - so new that it has not yet appeared even as 
a preprint - from a two loop calculation that consumed most of this summer: 

H,f f ( t )  = H{ 1 - 2(-) KH 4 [ ( H t ) 3  +subdominant] + O ( K ~ H ~ ) }  
71 

Here E a is the classid Hubble constant and tc2 E 16nG is the usual loop counting 
parameter of quantum gravity. Obtaining a result at all is a major accomplishment. This 
is only the second two loop calculation ever done in quantum gravity, and it is the first 
one for which the ultraviolet finite part was obtained. Such a difficult and complicated 
piece of work will not be accepted until it has been independently confirmed. There 
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. 
must also be some examination of its sensitivity to the choice of initial state. However, if 
everything holds up, the end of this process will see a rigorous proof that QCG effects a 
non-perturbatively large reduction in the rate of inflation. 

(1) We came up with a simple physical model for relaxation which explains both why it 

(2) We came up with a numerical scheme for following relaxation beyond the breakdown 

(3) We came up with a plausible set of initial and spatia] boundary conditions for the 

The first point has already appeared in preprint form, and our proposals for (2) and (3) 
will appear in the two papers we are writing to announce our result for H,g(t) .  Converting 
(2) and (3) from proposals into operational techniques will be a lengthy.Ij,ocess and tfiia 
is the focus of my plans for future work. 

This summer’s work also saw progress on three important issues: 

is an intrinsically quantum effect and why it grows with time. 

of perturbation theory. 

case of a negative cosmological constant. 

(h) Mike Booth 
Currently I am completing a study of the effects of quenching in lattice simulations 

of heavy-light (ie, B and 0) mesons. In the quenched (or valence) approximation, closed 
fermion loops are omitted in order to conserve computer time. The approach I used to 
study this error is to formulate chiral perturbation theory (ChPT) for the quenched ap- 
proximation and compare the predictions of that theory with those of unquenched ChPT. 
The difference then gives an indication of the error to be expected in the simulations. 
This technique has been used successful to study the effect of quenching on light meson 
and baryon properties. For the heavy-light mesons I find that the error in most inter- 
esting quantities is relatively small, less than 10% when g, the BB*n coupling constant 
is taken at its maximum allowed value (g2 = 0.5). However, the error in f~ is rather 
large, close to 50% at physical quark masses. This error decreases as the quark mass 
increases, so for the quark masses used in current lattice simulations, the error is still 
acceptable. However, the rapid growth of this error indicates that care is required when 
lattice simulations are extrapolated to physical quark masses. An important feature is 
that quenching acts to decrease the ratio fo, /fo. This may explain part (though not all) 
of the discrepancy between lattice predictions of fo, and the recent CLEO measurement. 
This work is summarized in UFT-94-09 (submitted to Phys. Rev. D) and IFT-94-10 (in 
preparation). 

Following completion of the this work, I intend to resume work I began earlier this year 
and suspended do to technical difficulties. This is the computation of the renormalization 
group evolution of dimension-eight operators. Such Operators have been encountered in 
estimates of neutron and atomic electric dipole moments and recently they have appeared 
in the study of the rare decays involving b 3 sy. They also enter into QCD sum rules. The 
importance of the the renormalization group is that it acts to supress or enhance operators. 
It is the reason, for example, why the contribution of the dimension-six gluonic operator 
to the neutron electric dipole moment is not as great as originally thought. In earlier 
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work, I computed the evolution of the purely gluonic dimension-eight operators and made 
some estimates of the behavior when fermions are included. The current goal is to include 
all fermion operators into this evolution, which is necessary for a complete study. At this 
point the technical difficulties have been resolved and only algebra remains. 

While it is may be unwise to forecast further, I would like to study the decays 
D8 --.) (q ,  q’)Zv. Recent CLEO data shows that these decays have much larger branching 
ratios than anticipated by theoretical models. In particular, the widely used and rather 
successful ISGW model fails. It is important to understand why the model fails in this 
case. In particular, there may be lessons for the rare decay B -+ x lv .  There may also be 
implications for CLEO’S determination of f ~ ,  . 
(i) P. Griffin, HET Postdoc, SSC Fellow 
Over the past year, September 1993 to the present), I have worked on.three programs 
in particle physics - Monte-Carlo techniques at Hadron Colliders, HeaG‘Quark Symriid 
try/ perturbative QCD methods and applications to rare B decays, and applidation of 
integrable systems to Tkansverse Lattice regulated QCD. 
Working with Professor Rick Field here at Florida, I applied a technique we developed 
for the study of high transverse energy 2-jet structure to the Heavy Higgs-, lepton - nu - 
jet -jet events at the proposed SSC. We found an enhancement in signal/background via 
our additional technique[l] of about a factor of two with no loss in signal. I am currently 
working with Professor Field on using neural networks to analyse jet structure for both 
Higgs decays at the proposed LHC and in t f decay into b 6, lepton, nu, and jet jet, where 
our aaalysis is designed for the DO detector at Fermilab. 

I have also been studing the application of heavy quark symmetry to rare B decays. This 
symmetry relates rare B decays to more common semi-leptonic decays of the D charm 
meson. We applied these relations to the B+ K* gamma rare exclusive decay seen by 
CLEO last year[2]. This enabled us to eliminate infared sensitivity in the perturbative qcd 
calculation of the associated B meson form factor. Basically, the heavy quark symmetry 
normalizes the qcd calculation. This enabled us to extract the CKM matrix element I& 
from the exclusive data only. I am currently calculating the Sudakov form factors which 
naturally provide an infared cutoff in this context. The additional Sudakov formalism will 
provide a strong test of the applicability of “stand done” perturbative qcd in rare B decays. 
I continue to discuss data analysis issues with the CLEO collaboration experimentalists 
here at the Univ. of Florida. I hope to analyse B + mr and B Kx data in the future. 
I have also been studing lhnsverse Lattice QCD. The transverse lattice regularization 
of four dimensional field theories empluys a two-dimensional space-like lattice to regulate 
the usual transverse ultraviolet divergences in light-front field theory. This formulation is 
one of the most promising methods for studying non-perturbative four-dimensional gauge 
theories in the context of light-front quantization. The primary goal of the light-front 
method is to provide the detailed picture of hadrons, (structure functions, etc), that 
is difficult to obtain &om lattice Monte-Carlo techniques. I have been working on this 
very difficult problem for four years now. Over the summer I had some insight on the 
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application of integrable systems to constuct a manifestly global (at each site) SU(N) 
symmetric light-front Hamiltonian. This should lead to a faster converging numerical 
estimate of glueball masses[3]. 
(11 ENHANCING THE HEAVY HIGGS + WW SIGNAL AT HADRON-HADRON 

COLLIDERS. Published in Phys. Rev. D50:302-315,1994. 
[Z] DETERMINATION OF IV(TS)l FROM D + K* LEPTON NEUTRINO AND B + 

K+ GAMMA DATA VIA HEAVY QUARK SYMMETRY AND PERTURBATIVE 
QCD. By P.A. Griffin, M. Masip, M. McGuigan (Florida U.), UFIFT-HEP-93-25, 
n.d. (recd Jan 1994) 29pp. To appear in Phys. Rev. I) (Bulletin Board: hep- 

[3] LIGHT-FRONT HAMILTONIAN FOR TRANSVESE LATTICE QCD To appear in 
‘Fourth annual light-front quantization and non-perturbative QCD workshop’, Za- 

o r  

6) M. McGuigan 
A paper entitled ”Finite Black Hole Entropy and String Theory” will be published 

in Physical Review D. An accelerating observer sees a thermal bath of radiation at the 
Hawking temperature proportional to the acceleration. Also, in string theory there is a 
Hagedorn temperature beyond which one cannot go without an infinite amount of energy. 
Several authors have shown that in the context of Hawking radiation a limiting temper- 
ature in string theory leads to a limiting acceleration, which for a black hole implies a 
minimum distance from the horizon for an observer to remain stationary. In this paper 
we argue that this effectively introduces a cutoff in Rindler space or the Schwarzschild 
geometry inside of which accelerations would exceed this maximum value. Furthermore, 
this natural cutoff in turn allows one to define a finite entropy for Rindler space or a 
black hole as all divergences were occuring on the horizon. In all cases if a particular 
relationship exists between Newton’s constant and the string tension then the entropy of 
the string modes agrees with Bekenstein-Hawking formula. 

p h @ ~ . l d . g o v  - 9312262) 

chopane, Poland, proceedings. . .  .. 
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IV. ACTIVITIES OF THE PARTICLE THEORY GROUP (since 1992) 

I A. Lectures and Seminars 
, 

Field 
URA Fennilab Review, Jan 17-18,1992 
Physics Colloquium presented at the University of Florida, Feb. 6, 1992 
High Energy Physics Seminar presented at the Institute for Fundamental Theory, 
University of Florida, Nov. 6, 1992 

URA Fennilab Review, February 5-6,1993 
High Energy Physics Seminar presented at the SSCL, Dallas, TX, June 7,1993 

High Energy Physics Seminar presented at the Institute for Fundainental Theogyr 
University of Florida, Junuary 25, 1994 
Seminar on Neural Networks presented at the Institute for Fundamental Theory, Uni- 
versity of Florida, May 24, 1994 

Kennedy 
Seminar, University of Florida, October 1993 

s;u 
Theoretical Physics Seminar, Cornel1 University, August 1992 
Seminar, University of Florida, September 1992 
Colloquium, University of Florida, October 8, 1992 

Seminar, University of Florida, January 1993 

b o n d  
Seminar, Princeton University, May 1992 
Colloquium, SSC, June 1992 
Public Lecture, Aspen, Co, July 1992 
Invited Lecturer, Erice, Italy, Sept 1992. Title: Neutrinos in Particle Physics 
Seminar, Ecole Normde Sup&eure, Paris, Sept 1992 
Invited Lecturer, Yale Workshop, Oct 1992 

Invited Lecturer, Cord Gables Conference, Miami, Jan. 1993 
Invited Lecturer, HARC, Houston, TX, April 1993 
Seminar, Johns Hopkins University, Baltimore, MD, April 1993 
Colloquium, University of Chicago, May 1993 
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Seminar, Southern Methodist University, Dallas, TX, May 1993 
Colloquium, SSCL, Dallas, TX, June 1993 
Invited Lecturer, Electroweak Workshop, Gran Sasso, Italy, Sept. 1993 
Seminar, &ole Normale, Paris, Sept. 1993 

Invited Speaker, Recontres de Moriond, France, March 1994 
Seminar, University of Virgina, Richmond, VA, April 1994 
Seminar, College of William and Mary, Williamsburg, VA, April 1994 
Invited Speaker, TASI, Boulder, CO, June 1994 

Sikivie 
Invited talk at the IFT Workshop on Dark Matter, Gainesville, FL, Ekb. 14-16, 1392 
Invited talk at the ITP Workshop on Cosmological Phase Transitions, Santa Barbara, 
CA, April 2-4, 1992 
Particle Physics Seminar at UCLA, May 8, 1992 
Colloquium at the Institute for Theoretical Physics, Santa Barbara, CA, May 13,1992 
Particle Physics Seminar at Caltech, May 25, 1992 
Seminar at ITP, Santa Barbara, CA, June 17,1992 
Colloquium at the FSU Physics Department, Tallahassee, FL, Oct. 8, 1992 

Invited talk at the Coral Gables Conferences on Unification in the Large and the 
Small, Miami, FL, Jan. 26, 1993 
Particle Theory Seminar at the Univ. of Pennsylvania, Philadelphia, PA, April 12, 
1993 
Particle Theory Seminar at CERN, June 10,1993 
Invited talk at the Workshop “The Dark Side of the Universe”, Rome, June 23-26, 
1993 
Particle Theory Seminar at the University of Geneva, July 1993 
Invited talk at the 17th John Hopkins Workshop, Budapest, July 30-Aug. 1, 1993 
Triangle Nuclear Theory Colloquium, Duke University, October 5,1993 
Invited talk at the Annual Meeting of the South Eastern Section of the APS, Columbia, 
S.C., Nov. 46, 1993 

Invited talk at the Coral Gables Conference, Coral Gables, Jan. 27-30, 1994 
Invited Plenary Session at the Workshop on “Strategies for the Detection of Dark 
Matter Particles, LBL, Feb. 21-24, 1994 
Particle Theory seminar at  ITP, UC, Santa Barbara, May 1994 
Particle Theory seminar at UCLA, June 1994 

.. 
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- Thorn 
Theoretical Physics Seminar, Univ. of North Carolina, Chapel Hill, NC, March 1992 
Theoretical Physics Seminar, Institute for Advanced Study, Princeton, NJ, June 1992 
Theoretical Physics Seminar, Johns Hopkins University, Baltimore, MD, July 1992 

Invited t d k  at the Coral Gables Conferences on Unification in the Large and the 
Small, Miami, FL, Jan. 26,1993 
Theoretical Physics Seminar presented at SLAC and UC, Santa Barbara, June 1993 

Theoretical Physics Seminar presented at Univ. of Miami, Jan. 1994 
Theoretical Physics Seminar presented at Rutgers University, May 1994 
Theoretical Physics Seminar presented at Aspen Center for Physics, July 1994 
Theoretical Physics Seminar presented at Argonne National Lab., August 1994 

. 

Woodard 
Seminar, University of Florida, March 31, 1992 
Seminar, University of Florida, April 7, 1992 
Seminar, University of Crete, June 23, 1992 
Invited Talk, Rome-Paris-Utrecht Triangular Conference, July 29, 1992 
Seminar, University of Florida, Sept. 18, 1992 
Seminar, Brandeis University, Sept. 24,1992 
Seminar, Brown University, Sept. 25,1992 
Seminar, University of Texas at Austin, Nov. 16, 1992 
Seminar, Inst. for Theor. Physics/UCSB, Dec. 3-4, 1992 

Seminar, University of Crete, June 21, 1993 
Seminar, Inst. for Theoretical Physics (Santa Basbara, CA), July 16, 1993 

Seminar, Univesity of Michigan, Jan. 6, 1994 
Invited talk, Coral Gables Conference on Unified Symmetry in the Small and in the 
Large, Jan. 28, 1994 
Colloquium, Univ. of Texas at Austin, April 20, 1994 
Seminar, Univ. of Texas at Austin, April 21, 1994 
Invited talk, Workshop on Quantum Infrared Physics (Paris, fiance), June 10, 1994 
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B. Travel 

Field 
URA Fermilab Review, Jan 17-18,1992 
Participated in the XXVI International Conference on High Energy Physics, SMU, 
Dallas, TX, August 6-12,1992 

URA Fermilab Review, February 5-6,1993 
SSC Laboratory, Dallas, TX, June 6-8,1993 

Participated in the Workshop on Yukuwa Couplings, Institute for Fundamental The- 
ory, University of Florida, February 11-13, 1994 

# .  Kennedy , c  
Univ. of California, SB, Weak Interactions 94 Workshop 
Snowmass Workshop on Nuclear and Particle Astrophysics and Cosmology in the Next 
MiIlenium, 6/29-7/14/94 
International Conference on High Energy Physics 1994, Glasgow, Scotland, 7/20-28/94 

Q& 
Cornel1 University, Ithaca, NY, August 1992 

PASCOS, Syracuse University May 1994 
Cornel1 University, Ithaca, NY, May 1994 

b o n d  
HEPAP travel and Witherell Subpanel member, 1992 
Princeton University, May 1992 
SSC, June 1992 
Aspen Center for Physics, July 1992 
Erice, Italy, Sept 1992 
&ole Normde, Pasis, Sept 1992 
Yale Workshop, Oct 1992 

Cord Gables Conference, Jan. 1993 
HARC, Houston, TX, April 1993 
HEPAP travel, April, 1993 
Johns Hopkins University, April 1993 
University of Chicago, May 1993 
Southern Methodist University, May 1993 
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SSCC, Dallas, TX, May-June 1993 
Sasso, Italy, September 1993 
Ecole Normale, Paris, Sept. 1993 

Recontres de Moriond, fiance, March 1994 
University of Virginia, April 1994 
College of William and Mary, April 1994 
TASI, Boulder, CO, June, 1994 
Aspen Center for Physics, July 1994 

Sikivie 
ITP, Santa Barbara, CA, April 2-4,1992 
ITP, Santa Barbara, CA, May and June, 1992 
UCLA, May 8,1992 
Caltech, May 25, 1992 
Aspen, July 6-26, 1992 
FSU, Tallahassee, FL, Oct. 8, 1992 
DPF92, Fermilab, Nov. 11-13, 1992 
University of Maryland, Dec. 1-2, 1992 

Coral Gables Conference, Miami, Jan. 24-27, 1993 
Univ. of Pennsylvania, April 2, 1993 
CERN, June and July, 1993 
Rome, Itdy, June 23-26, 1993 
Budapest, Hungary, July 30-Aug. 1, 1993 
Duke University, October 5, 1993 
Columbia, S.C., Nov. 4-6, 1993 

Coral Gables, FL, Jan. 27-30,1994 
LBL, Feb. 21-24,1994 
ITP, UC, Santa Barbara, CA, May and June, 1994 
UCLA, June 10,1994 

Thorn 
Chapel Hill, NC, March 1992 
IAS, Princeton, NJ, June 1992 
Johns Hopkins University, Baltimore, MD, July 1992 
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Coral Gables Conference, Miami, Jan. 24-27, 1993 
Workshop at the Institute for Theoretical Physics in Santa Barbara, June 1993 

University of Miami, January 1994 
Rutgers University, May 1994 
Aspen, Colorado, July 1994 
Fennilab Summer Visitors Program, July- August 1994 
Small x Workshop, Fermilab, September 1994 

I 

Woodard 
University of Crete, 5 / 16/92- 7/ 1 5/92 
Brandeis University, 9/24/92 
Brown University, 9/25/92-9/29/92 
University of Texas at Austin, Nov. 14-17, 1992 
Inst. for Theor. Phys./UCSB, Dec. 2-7, 1992 

University of Crete, 5 /22/93- 7/3/93 
Chalmers Inst. of Technology, July 4-7, 1993 
Neils Bohr Institute, July 8-11, 1993 
Inst. for Theoretical Physics, July 14-21, 1993 

University of Michigan, 1/6/94-1/8/94 
Coral Gables Conference on Unified Symmetry in the Small and in the Large, 1/28/94- 
1 /30/94 
Univ. of Texas at Austin, 4/20/94-4/23/94 
University of Crete, 5/10/94-6/4/94 
Workshop on Quantum Infrared Physics (Paris, fiance), 6/6/94-6/10/94 
University of Crete, 6/12/94-7/15/94 
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C .  Seminar Speakers (since 1992) 

Name 
Prof. A. Mueller 
Prof. K. Bitar 
Dr. S. Yost 
Prof. E. Farhi 
Prof. S. Hsu 
Dr. G. Kleppe 
Prof. F. Paige 
Prof. C. Stephens 
Dr. M. Awada 
Prof. D. Harari 
Prof. N. Tsamis 
Prof. T. Kephart 
Prof. R. Brandenberger 
Prof. P. Fishbane 
Prof. A. Linde 
Dr. C. Preitschopf 
Dr. I. Kogan 
Prof. R. Renken 
Dr. D. Kennedy 
Prof. S. Meshkov 
Dr. L. Thorlacius 
Prof. E. Verlinde 
Prof. M. Cvetic 
Dr. G. Starkman 
Prof. B. Greene 
Dr. G. Valencia 
Dr. M. Savage 
Prof. 2. Berezhiani 
Prof. L. Baulieu 
Dr. S. Martin 
Dr. B. Grinstein 
Prof. V. Nair 
Prof. H. Baer 
Prof. S. Barr 
Prof. S. Carlip 
Prof. B. Zwiebach 
Prof. C. Taylor 
Prof. R. Holman 
fh.. S. Mukhanw 
Dr. J. Dixon 
Prof. L. Mezincescu 

Institution 
Columbia University 
Florida State University 
University of Tennessee 
MIT 
Harvard University 
Virginia Polytechnic Institute 
SSC Laboratory 
University of Maryland 
University of Cincinnati 
IAFE, Argentina 
Greece 
Vanderbilt University 
Brown University 
University of Virginia 
Stanford University 
Got ebor g , Sweden 
Princeton University 
University of Central Florida 
Fermilab 
SSCL 
Stanford University 
Princeton University 
University of Pennsylvania 
University of Toronto 
Cornel1 University 
Fennilab 
University of California 
University of Ferrara 
Paris, fiance 
Northeastern University 
R. Regan Nat. Accel. Fac. 
CUNY and Columbia Univ. 
Florida State Univ. 
Bartol Resch. Inst. 
Univ. of California, Davis 
MIT 
CWRU 
Carrienie-Mellon Univ. 

Dates 
2 f 17/92 
10/16/92 
10/12/92 
11/12/92 
11 /18/92 

11 / 16 /92 

1 /4/93 
1/6/93 

1/23/93 
1/27/93 

2/23/93 

3/1/93 

3/10/93 
3/11/93 
3/14/93 
3/16/93 
3/19/93 
3/24/93 
3/25/93 

11/21 192 

12/10/92 

l/S/9S: 8 ’  

2/9/92 

311 f 93 

3/5/93 

3/27/93 
4/4/93 
4/22/93 
6/14/93 
6/21/93 
8/31 /93 
9/10/93 
9/21/93 
9/28/93 
10/8/93 
10 f 15/93 
10/22/93 
10/26/93 

Inst. f;;r Nucl. Resch., Moscow 10/29/93 
Texas A&M Univ. 11/2/93 
University of Miami 11/12/93 
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Prof. K. Kuchar 
Prof. T. Jacobson 
Dr. M. Bailey 
Prof. M. Srednicki 
Prof. H. Tye 
Dr. M. Li 
Prof. L. Susskind 
Dr. B. Urosevic 
Prof. K. Johnson 
Prof. H. Nielsen 
Dr. C. Eifhimiou 
Prof. A. Shapere 
Prof. A. Kostelecky 
Dr. V. Koulovassilopoulos 
Prof. G. 't Hooft 
Dr. I. Tkachev 
Dr. W. Stoffl 
Prof. A. Zhitnitsky 
Prof. G. Gilbert 
Dr. M. Awada 

University of Utah 
University of Maryland 
Purdue University 
Univ. of California, SB 
Cornell University 
Brown University 
Stanford University 
Brown University 
MIT 
Niels Bohr Institute 
Cornell University 
Cornell University 
University of Indiana 
Boston University 
University of Utrecht 
Fennilab 
Lawrence Livermore Nat. Lab. 
Southern Methodist Univ. 
University of Maryland 
University of Cincinnati 

11/30/93 
12/3/93 
12/10/93 
1/14/94 
1/21/94 
1/28/94 
2/1/94 
2/4/94 
2/8/94 
2/15/94 
2/18/94 

3/4/94 

3/25/94 

4/1/94 

2/25/94 . 

3/18/94 . c  

3/27/94 

4/7/94 
4/14/94 
4/11/94 
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Appendix A. GROUP PUBLICATIONS (since 1992) 

1. 

2 

3 

4 

5 

6 

7 

8 

9 

10. 

11. 

12. 

13. 

14 
15 

16 

17 

18 

. 

Is There Graceful Exit Problem in the Old Mationary Model?, J. Hong, P. Oh and 
S. Sin, UFIFT-HEP-92-1. 
Symplectic Structure of Isospin Particles in Yang-Mills Fields, P. Oh, UFIFT-HEP- 

Mass and Mixing Angle Patterns in the Standard Model and Its Mini& Supersym- 
metric Extension, P.  Ramond, contributed to John Klauder's 60th Birthday, UFIFT- 
HEP-92-4, unp u blis h ea. 
Domain Wall Formation in Late-Time Phase Itansitions, E. W. Kolb and Y. Wung, 

Cosmic Microwave Background Anisotropies n o m  Plausible Double Mation, J. Fry  
and Y. Wung, UFIFT-HEP-92-6, Phys. Rev. D46,3318 (1992). 
A Tumbling Top-Quark Condensate Model, S. Martin, UFIFT-HEP-62-7, Phys. Rev! 
D46, 2197 (1992). 
Mass and Mixing Angle Patterns in the Standard Model and Its Minimal Supersym- 
metric Extension, €?. Amson, E. Caataiio, E. Piard and P. Ramond, UFIFT-HEP-92- 
8, Phys. Rev. D47,322 (1993). 
Effects of a Nambu-Goldstone Boson on the Polarization of Radio Galaxies and the 
Cosmic Microwave Background, D. aaruri and P. Sikivie, UFIFT-HEP-92-9, Phys. 
Lett. B289,67-72 (1992). 
Wiggly Relativistic Strings, J. Bong, S. Kim and P. Sikivie, UFIFT-HEP-92-10, Phys. 

Late Time Cosmological Phase Transition and Galactic Halo as Bose-Liquid, 5'. Sin, 

Quark-Antiquark Regge Trajectories in Large Nc QCD, C. Thorn and M. McGuigan, 
UFIFT-HEP-92-12, Phys. Rev. Lett. 69, 1312 (1992). 
Intermediate Scales of Symmetry Breaking in Calabi-Yau Models, M .  Masip, UFIFT- 

The Structure of Perturbative Quantum Gravity on a de Sitter Background, N. C. 
Tsamis and R. P .  Woodard, UFIFT-HEP-92-14, Commun. Math. Phys. 162, 217- 
248 (1994). 
An Analytic Description of Thick-Wall Bubbles, J. Bong, UFIFT-HEP-92-15. 
Enforcing the Wheeler-DeWitt Constraint the Easy Way, A. P.  Woodard, UFIFT- 
HEP-92-16, Class. and Quantum Grav. 10,483-496 (1993). 
The SineGordon Model and the Small K+ Region of Light-Cone Perturbation Theory, 
P. &fin, UFIFT-HEP-92-17, Phys. Rev. D46,3538 (1992). 
Classical Fluids of Negative Heat Capacity, P. T. Landsberg and R. P. Woodurd, 
UFIFT-HEP-92-18, J. Stat. Phys. 73. 361-378 (1993). 
Staggered Fermions and C h i d  Symmetry Breaking in 'Ikansverse Lattice Regulated 
QED, P. Grifin,  UFIFT-HEP-92-19, Phys. Rev. D47,3530 (1993). 

92-2, Mod. Phys. Lett. A7, 1923 (1992). 

UFIFT-HEP-92-5, Phys. Rev. D45,4421 (1992). 

Rev. Lett. 69, 2611-2614 (1992). 

UFIFT-HEP-92-11. 

HEP-92-13, Phys. Rev. D46,3601 (1992). 
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19. Mode Analysis and Ward Identities for Perturbative Quantum GraGty in de Sitter 
Space, N. C. Tsamis and R.  P .  Woodad,  UFIFT-HEP-92-20, Phys. Lett.B292, 269 
(1992). 

20. Explaining Cloud Chamber Tracks, A. Broyles, UFIFT-HEP-92-21. 
21. Some Simple Criteria for Gauged R-Parity, S. Martin, UFIFT-HEP-92-22, Phys. Rev. 

22. Relaxing the Cosmological Constant, R .  Woodard and N. Tsa.mis, UFIFT-HEP-92-23, 

23. Strong Infrared Effects in Quantum Gravity, R. P.  Woodad and N. C. Tsamis, 
UFIFT-HEP-92-24, to appear in Annals of Physics. 

24. Massive Neutrinos in a Cdabi-Yau Model, M. Masip, UFIFT-HEP-92-27, Phys. Rev 
D47, 3071 (1992). 

25. Point-Like Interactions in String Theory Induced by 2-D Toplogical dravity, UFIFTl 
HEP-92-26, Phys. Lett. 33306 261 (1993). 

26. Long Range Forces Fkom Two Neutrino Exchange, P .  Sikivie and S .  Hsu, UFIFT- 
HEP-92-28, Phys. Rev. D49,4951-4953 (1994). 

27. SDC Solenoidal Detector Notes: Forward Jets and Missing ET, R. D. Field, UFIFT- 

28. Continuing Between Closed and Open Strings, C. B. Thorn and M. B. Green, Nuclear 

29. Contractions of Lie Groups applied to Differential Equations, Marc de Montigny, 

30. Third Quantization and Black Holes, M. Mc Guigan, UFIFT-HEP-92-32. 
31. Casimir Forces Between Beads on Strings, E. D’Hoker and P. Sikivie, UFIFT-HEP- 

32. Axion Dection in the eV Mass Range, P.  Sikivie, D. B. Tanner and Y. Wung, 

33. Enchancing the Heavy Higgs Signal with Jet-Jet Profile Cuts, R. Field and P .  Grifin,  

34. SDC Solenoidal Detector Notes: Enchancing the Heavy Higgs Signal, E .  Field and P.  

35. Baryogenesis in a Supersymmetric Model with 2 3  matter parity, M .  Masip and Y. 

36. Stitching the Yukawa Quilt, P.  Ramona, R. Roberts and G. Rms, UFIFT-HEP-93-6, 

57. The de Sitter-Invariant Differential Equations and Their Contraction to Poincare and 

38. Discrete Gauge Symmetries in Supersymmetric Grand Unified Models, M. Masip and 
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D46, 2769 (1992). 

Phys. Lett. B301,483-496 (1993). 

HEP-92-30, SDC-92-355 (1992). 

Phys. B367,462 (1991). 

UFIFT-HEP-92-31. 

92-33, Phys. Rev. Lett. 71, 1136 (1993). 

UFIFT-HEP-93-2, to appear in Phys. Rev. D. 

UFIFT-HEP-93-3, Phys. REV. D48,3167 (1993). 

Gri’n, UFIFT-HEP-93-4, SDC-93-459 (1993). 

Wang, UFIFT-HEP-93-5, Phys. Rev. D48,1555-1559 (1993). 

Nucl. Phys. B406,19 (1993). 

Galilei, M. de Montigny, UFIFT-HEP-93-10, Nuovo Cim. 108B, 1171-1180 (1993). 

M. de Montigny, UFIFT-HEP-93-11, Phys. Rev. D49,3734-3740 (1994). 



58. Symmetric Textures, P.  Ramona Invited talk at Global Foundation Conference, Coral 
Gales, Florida, Jan. 1993, UFIFT-HEP-93-7, to appear in the proceedings. 

59. Regge Trajectories in QCD, C. B. Thorn, Invited talk at Global Foundation Con- 
ference on Symmetries in the large and in the small, Coral Gables, Florida, January 
1993, UFIFT-HEP-93-12, to appear in the proceedings. 

60. Renormalization Group Study of the Minimal Supesymmetric Standard Model: No 
Scale Models, P.  Ramona, Invited talk at workshop "Recent Advance in the Super- 
world", Houston Advanced Research Center, the Woodlands, TX, April 1993, UFIFT- 
HEP-93-13, to appear in the proceedings. 

61. Dark Matter Axions '93, P. Sikivie, Invited talk at the 17th John Hopkins Workshop 
on Current Problems in Particle Theory, Budapest, Hungary, July 30-August 1,1993 
and at the Workshop "The Dark Side of the Universe", Rome, Italy, June 23-25,1993; 

62. Results from Quantum Cosmological Gravity, R. P.  Woodad,  UFIFT-HEP-94-6, rn! 
vited talk at the International Symposium on Unified Symmetry in the Small and in 
the Lasge, Cord Gables, Florida, January 1994, to appear in the proceedings. 

63. A Quantum Gravitational Mechanism for Existing Inflation, R. P.  Woodard, UFIFT- 
HEP-94-11, invited talk at the Workshop on Quantum Infrared Physics, Paris, fiance, 
June 1994, to appear ir, the proceedings. 

UFIFT-HEP-93-26, to appear in the proceedings. 
1 .  
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1. INTRODUCTION 

UF Task B has been funded continuously by the DOE since 1986. Formerly it 
included work on the DO experiment at Fermilab which is no longer a part of the 
UF program. Now it refers to the support for the experimental effort at CLEO and 
associated programs of the principle investigators. 

The Senior Search 

In the last year the search for a senior faculty member to augment the High En- 
ergy Physics group has progressed. A candidate has been identified and discussions 
are underway between representatives of the University, representatives of the De- 
partment of Energy, and the candidate in question. This proposal does not address 
the funding that will be necessary for this new effort. When this position is filled, it 
is planned that this senior hire will be followed very soon by several junior faculty 
positions. 

, ?  

New Physics Building 

Funding for a brand new, purpose built, physics building is still in place. Archi- 
tectural plans have been drawn up and are being reviewed. Present plans include a 
high bay area for High Energy Physics research, and a considerable number of lab- 
oratory module space for High Energy Physics. There are 7 faculty offices reserved 
for HEE, as well as post-doc, student, and staff space. There is also a purpose built 
computer room for the Department. 

2. THE CLEO EXPERIMENT 

The CLEO collaboration now consists of around 200 physicists from 22 institu- 
tions (Purdue, Rochester, SMU, Vanderbilt, VPI, CaITech, UCSB, Colorado, Cor- 
nell, Florida, Harvard, Illinois, Carleton, McGill, Ithaca College, Kansas, Minnesota, 
SUNY Albany, Ohio State and Oklahoma. In the last few years CLEO has grown 
from a mostly NSF funded collaboration based in the North-East of the U.S. to an 
NSF and DOE funded collaboration spread over much of North America. Florida has 
been a member since September, 1985. 
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The present detector configuration is known as CLEO 11. There are two major 
upgrade efforts underway; firstly to install a silicone vertex detector which will allow 
the tagging of charmed particles, and secondly a major upgrade (including a new 
-drift chamber and particle identification system) that will be known as CLEO 111. 
The human resources have been strained to the limit as there is much work in keeping 
the software constants optimized for CLEO I1 data, extracting the physics form the 
large data sample already available, installing the hardware and software for the 
silicone vertex detector, and designing and developing the CLEO 111 detector. Of 
course, we are still regularly taking data-taking shifts. 

3. PHYSICS ANALYSIS 
8 .  

The collaboration as a whole has had very fruitful year of physics analysis. In the 
15 months since our last proposal, the following papers have been published. 

1. A Measurement of the Branching Fraction of r- + h+n0v7. M. Artuso et al., 
PRL 72;3?62. 

2. Production and Decay of &(2420) and Dz(2460). P. Avery et al., Phys. Lett. 
B331,236. 

3. Exclusive Hadronic B Decays to Charm and Charmonium final States. M. Alam 
et al., Phys. Rev. D50:43. 

4. A Measurement of B(D: + t#Z+v)/B(D: -+ t#m+). F. Butler et al, Phys. Lett. 
B324:255. 

5. A Study of the Decay A: 4 AZ+v. T. Bergfeld et al., Phys. Lett. B323:219. 

6. Measurement of the Branching Fkaction for D+ + K-n+nr+. R. Ballest et al., 
PRL 72;2328. 

7. Observation of a New Charmed Strange Meson. Y. Kubota et al., PFU 72:1972. 

8. Search for Bo Decays to two charged leptons. R. Ammar et al., Phys. Rev. 
D49;5701. 

9. Obsemtion of A$ Decays to A7r+7ro, Con+, Cox+7ro and C07r-7r+xo. P. Awry 
et al., Phys. Lett. B325,257. 
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10. Search for Inclusive B + u 'hnsition in Hadronic Decays of B Mesons Involving 
DZ and D;+ Mesons. J. Alexander et l., Phys. Lett. B319:365. 

11. Measurement of Exclusive Semi-leptonic Decays of D Mesons. A. Bean et al., 
Phys. Lett. B317:647. 

12. Measurement of Charmless Semi-leptonc Decays of B Mesons. J. Bartelt et al., 
PRL 71:4111. 

13. measurement of the Absolute Branching fraction for Do + K - d .  D. Akerib et 
al., PRL 71:3070. 

14. First Measurement of I'(D$ + pv)/I'(D$+ fir+). D. Acosta et al., Phys. Rev. 
, .  

D49:5690. 

15. Obervation of Bo Decay to two charmless mesons. M. Battle et al,, PRL 71:3922. 

16. Analysis of hadronic 'Ikansition in Y(3s) Decays. F. Butler et al., Phys. Rev. 
D49:40. 

17. Measurement of the Decay T- + ~ ~ - T + T - T  0 0  7r v, D. Bortoletto et al., PRL 
71:1791. 

18. Measurement of Exclusive hc Decays with a C+ in the Final State. Y. Kubota 
et al., PRL 71:3255. 

I 19. Measurement of the ration B(D+ + 7roZ+v)/B(D+ + KoZ+v). M. Alam et al., 
PRL 71:1311. 

20. The D X?T Branching Fractions. M. Selen et al., PRL 71:1973. 

21. Evidence for Penguins: First Observation of B -+ K*r.  R. Ammar et al., PRL 
I 

71:674. 

22. Study of the Decays A$ 3 =OK+, A: -+ C+K+K- and A$ -+ Z'K+n+, P. 
Avery et al., PRL 71:2391. 

23. Two Measurements of Bfs Mixing. J. Bartelt et al., PRL 71, 1680. 

24. A Limit of the vT Mass. D. Cinabro et al., PRL 70:3700. 
i 

25. Production and Decay of the Ds(2536). J. Alexander et al., Phys. Lett. B303:377. 

26. A Measurement of the r lepton Mass. R. Bdest et al., Phys. Rev. D47 3671. 
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‘In addition the following have appeared as “CLNS” preprints with the expictation 
that they will be published soon. 

1. Measurement o fhte B -+ D*lv branching F’raction and Vd. B. Barish et al., 
CLNS-941285. 

2. Semileptonic Branching Fkactions of Charged and Neutral B Mesons. M. Athanas 
et aI., CLNS-94-1286. 

3. Study of the Five Charged Pion Decay of the r Lepton. D. Gibaut et al., CLNS- 
941281. 

4. Measurement of Cabibbo Suppressed Decays of the r Lepton. M. Battle et d., 

5. Two Photon Production of Charged Pion and Kaon Pairs. J. Dominick et al., 

CLNS-94-12 74. 
I .  * c  

CLNS-94 1274. 

6. Precision Measurement of the D,*+ - D$ Mass Difference. .D. Brown et al., 
CLNS-94-1271. 

7. Luminosity Measurement with the CLEO I1 Detector. G. Crawford et al., CLNS- 

8. Observation of Do -+ K+n-. D. Cinabro et al., CLNS-93-1262. 

9. Observation of the Inclusive B Decays to the Charmed Baryons 

9 4  1268. 

and E!. M 
. Procario et al., CLNS-93-1264. 

10. Measurement of Two Photon Production of the xc2. V. Shelkov et al., CLNS-93- 
1250. 

11. Measurement of the cross-section for yy + fl. M. Artuso et al., CLNS-93-1245. 

12. Observation of the Charmed Baryon C$ and Measurement of hte Isospin Mass 
Splitting of the Cc. G. Crawford et d., CLNS-93-1230. 

4. FLOFUDA PERSONEL 

Paul Avery (Associate Profmr) spent the previous year on sabbatical at Fer- 
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milab working generally on hadronic B factories and specifically on the Dedicated 
B Collider proposal. He is leading the simulation effort for the DBC. An EO1 was 
submitted in May, 1994 and it is expected that LOI’s will be due in Fall, 1995. The 
simulation effort involves the development of a fast Monte Carlo and a more accurate, 
Geant based, simulation program. Both packages are intended to be able to model 
quite general geometries, so that it should be possible to make fair comparisons not 
only among DBC, CDF and DO, but also LHC experiments, both collider and fixed 
target based. 

This year he is working with Song Yang on partial reconstruction of the reaction 

important because it is a CP near-eigenstate and so has can be used to measure CP 
violation in future B factories. He also plans to greatly improve CLEO’S vertexirig 
capability using a set of fitting routines he developed previously. These routines will 
permit better noise rejection and improve the resolution of the D* - D mass difference. 

John Yelton (Associate Professor) wrote the publication of W-exchange diagram 
decays of the A$ (publication 22 above). For the Lepton-Photon Conference in 1994 
he wrote 3 papers. One was on the branching fraction of A$ into multi-body modes 
including no’s. This analysis has now progressed, but it has not been decided in 
exactly what form it will be published. Secondly a paper on the limits on the cross- 
section x branching fraction of sic's (as baryons). This became a hot topic because 
ARGUS have published a signal in the mode E’K-.rr+r+ mode that, if correct, 
should be easily visible in the CLEO data. The conference paper clearly contradicted 
the ARGUS measurement. Since then there has been renewed interest due to new 
signals in Fermilab fixed target experiment. A publication is planned on this subject, 
and Craig Prescott (see below) is now working on it. 

B -+ D ( * b (  - *) using B + D(*)D:) as a normalization mode. This reaction is 

, 

Thirdly, and most importantly, he presented evidence of a new particle, an excited 
A t .  ARGUS previously had shown that there was a peak in AZn+s’ - A: mass 
difference plots, although they could not determine exactly what state it was. This 
analysis showed not only this peak, but a second just above threshold. Whereas the 
upper state does not appear to go via an intermediate Cc, the lower state does. After 
mch study, the two states are now rather reliably identified as a pair of L = 1 A$ 
states with total spin 1/2 and 3/2. This analysis has been presented at the Lepton- 
Photon conference, at the APS meeting and at the Moriond conference. The paper, 

6 

0 



delayed in order to allow further analysis, is now in its final stages of writing (with 
help from David Besson of Kansas), and is expected to be sent for publication before 
the end of the year. Lastly he has done a systematic survey of charmed baryon states 
(together with Song Yang and Craig Prescott, see below), and together they have 
found several new decay modes including Cabibbo suppressed A: decays. 

Post-Doctoral Research Associates 

Ransom Stephens left Florida and CLEO in November 1993, to take up a position 
as Assistant Professor at the University of Texas at Arlington. Before he left, Ransom 
finished a paper (now published in Physics Letters see 10 above) on the search for 
b u transitions using the D$’s. Ransom has been replaced by Song Y&g, wh? 
arrived Jan lst 1994. 

’ 

Song Yang has a BS from Beijing University and a PhD from Carnegie-Mellon 
University with a thesis on the decays of A: + C+ in the CLEO detector, that 
resulted in the publication 18 above. Since he has arrived at Florida, Song has 
completed a paper, and extension of his thesis work, on the Ac assymetry parameter 
measured both in AT+ and C+.rro. This is now in the form of a CLEO draft. He 
has also collaborated with John Yelton to make a hyperon library for the general 
CLEO user. This is meant as a black box of programs so that the general CLEO user 
can easily reconstruct Eo’s, 2-’s, a’s and C+’s. He has worked on the method of 
evaluating the energy-loss (dE/dx) in the drift chamber which has led to increase in 
the resolution of this improtant analysis tool. He has led the effort to use the Florida 
dpha farm to generate general purpose data simulation for the entire collaboration. 
This has led to the generation of nearly 10,000,000 events. Jiu Zheng (see below) 
helped with this effort for the Summer semester 1994. Song’s latest analysis effort 
is with Paul Avery, using a partial reconstruction technique to analyze B + DsD 
decays. 

Arne Fkeyberger has (just) resigned from the collaboration to take up a position 
as a permanent st& member at CEBAF in Virginia. In the last yeaz he has served 
as the “secretary” of the charm semi-leptonic anaiysis group, which p r o d u d  several 
important papers. Following the move of Tom Browder from being based in Cornell to 
Hawaii, Arne was appointed by the collaboration to be the deputy analysis coordinator 
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for CLEO, with responsibility for organizing all internal CLEO talks at Cornell. In 
the Spring he was then elected (by an overwhelming vote), analysis coordinator for 
the 199495 year. Unfortunately, soon afterwards he had several job offers, and thus 
resigned before he took on all the duties. Arne continued to the end to be the 
leading author in many papers. He was primary author of the Measurement of D+ + 
K-IF+T+ published in PRL, a leading author (working with Xu h of Oklahoma) 
on the measurement of B + D*lu and extraction of V , ,  which has been submitted 
to Phys. Rev. D, and is still completing work on the Do + Xeu branching fraction 
which was presented at conferences in Summer 1994 and has a precision of a factor 
of two better than the current world average. He has also had invited talks in Pavia, 

, .  Italy, and two at Fermilab. . ?  

We are now making an offer for a replacement for Arne, and expect to fill the 
position shortly. 

We are happy to be able to say all 4 of the post-docs that have been employed 
by the UF CLEO group are still working in the field. Before Ransom and Arne we 
employed Lynn Garren (now working in the Fermilab computer group and a member 
of the CDF collaboration), and David Besson (now an Assistant Professor at the 
University of Kansas). 

Students 

Jorge Rodriguez is writing his thesis. He pased his oral qualifying exam in Oc- 
tober. All going well he will graduate in December 1994. His analysis was a major 
part of the “Big B paper”; a collaborative effort of many CLEO physicists, that has 
been published (see publication 3 above). He led the effort to get the CLEO software 
running on our new alpha machines. This involved the uncovering of bugs in the code 
that did not show themselves working on the Decstations. 

During the summer of 1994 we had three more graduate students working for us. 
Craig Prescott, Jiu Zheng and Fadi Zeini. Craig and Fadi are now entering their third 
year of graduate school, and Jiu his second. Craig and Jiu have passed their written 
examinations, but Fadi still has academic hurdles to cross. Craig is now employed 
by the group as a Research Assistant on CLEO, and is working on halizing limits 
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on& production. It is envisaged that one or (budget permitting) both of the others 
will join the group fully in the Spring. 
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AXION SEARCH EXPERIMENT 

P. Sikivie, N. S. Sullivan, D. B. Tanner 

Department of Physics, University of Florida, Gainesville, FL 23261 1 

Abstract 

A “second-generation” axion search experiment is nearing completion at Lawrence Liv- 
ermore National Laboratory. This detector will improve the sensitivity over first-generation 
detectors by at least a factor of 50. The detector consists of a large superconducting mag- 
net containing one or more microwave cavities; axions will be stimulated to decay into 
microwave photons when the resonant frequency of the cavities equals the mass of the 
axion. The tuning range of the detector will be 1.3 - 13 peV.  

The UF Axion Search Project is collaborating on this second-generation axion detector. 
UF is taking responsibility for the assembly, programming, and installation of the high- 
resolution spectrometer for this experiment. 
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A. Introduction 

The existence of the axion is well motivated. From the particle physics point of view, it 
would explain why the strong interactions conserve parity P and the product CP of charge 
conjugation with parity. Fkom the point of view of astrophysics, there are a number of 
observations which imply the existence of large halos of non-luminous matter surrounding 
galaxies. The origin of this dark matter is a mystery whose solution is one of the most 
exciting challenges confronting science today. It seems probable from the success of models 
of nucleosynthesis in explaining the abundance of light isotopes, and of cosmological inflation 
in explaining the flatness and homogeneity of the present universe, that much of the dark 
matter is non-baryonic. The leading non-baryonic candidates are finite-mass neutrinos, 
weakly interacting massive particles, and axions. 

A “second-generation” axion search experiment is nearing completion at Lawrence Liv- 
ermore National Laboratory. This detector will improve the sensitivity over first-generation 
detectors by at least a factor of 50. The detector consists of a large superconducting magnet 
containing one or more microwave cavities; axions will be stimulated to decay into microwave 
photons when the resonant frequency of the cavities equals the mass of the axion. 

The experiment will search for axions as a component of the dark-matter halo of our 
galaxy. This second-generation experiment builds upon two small pilot experiments op- 
erated in the late 1980’s, one by a Rochester-BNL-FNAL collaboration and the other by 
ourselves at the University of Florida, which established the experimental feasibility of the 
technique. The present collaboration draws from both those efforts as well as some new 
institutions: LLNL, MIT, University of Florida, LBL, FNAL, INR/Moscow. 

I 
As part of its contribution to the project, the University of Florida plans to provide the 

computer and programming necessary to search for very narrow lines which may exist as 
substructure in the axion signal, representing the memory of the phase space distribution 
of the initial almost zero-temperature gas of axiom.’ Theoretically these lines may be 
monochromatic to It is feasible for us to look as low as 10-l’ or so. Significant 
improvements in signal to noise may be achieved even if only a few percent of the axions 
are in these narrow lines. 
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B. Axions as Dark Matter 

The 10-'eV 5 ma < 10-3eV mass range is the only one still allowed for the axion. All 
masses larger than 10-3eV have been ruled out either by previous searches, stellar evolution 
constraints or SN1987a. Axion masses smaller than approximately 10-6eV require that 
there be the right kind of infiation after the Peccei-Quinn phase transition and that the 
initial vacuum misalignment angle happens to be small. 

Axions are cold dark matter (CDM). The other well-motivated CDM candidate is 
WIMPS, which is short for weakly interacting massive particles. There is good reason to be- 
lieve that CDM is the constituent matter of galactic halos. Indeed, on the one hand, inflation 
predicts R = 1 and this value is in accord with observation when the energy density is mea- 
sured on the largest scales, as in the application of the "cosmic virial theorem" to the large 
scale velocity flows.2 On the other hand, after much effort to evade the bounds of primordial 
nucleosynthesis, the limits on the baryonic fraction have in fact tightened: 0.01 < S - ~ B  < 0.09. 
Thus one must expect the non-baryonic fraction ~ I N B  = ~ I C D M  + QHDM + OA > 0.9, where 
~ H D M  is the contribution from hot dark matter and RA that from a possible cosmological 
constant. The main HDM candidate is massive neutrinos. However, phase space constraints 
make it unlikely that neutrinos are a major constituent of galactic halosS3 This leaves CDM 
as the likely dominant constituent. 

From the perspective of this project, it is especially important to note that any form of 
cold dark matter in our universe will fall onto galaxies and hence contribute to galactic halos 
at some level. This fact provides excellent motivation for CDM searches on earth. It turns 
out that there are many ongoing WIMP search experiments. In contrast, the only axion 
dark matter searches a e  the second generation cavity experiment at LLNL and a possible 
cavity experiment in Kyoto, Japan, using Rydberg atoms as microwave photon  detector^.^ 

The observation of the first massive compact halo object (MACHO) events by gravita- 
tional microlensing5 gives hope that one dark matter problem may eventually be resolved, 
namely the fact that the luminous fraction S-2iUm N 0.005 whereas primordial nucleosynthe- 
sis requires $ 2 ~  > 0.01. At  present, a large fraction of the microlensing candidates are in 
the direction of our galactic bulge suggesting that the lensing MACHOs are associated with 
the galactic disk rather than the galactic halo. Also, the fact that the microlensing rate 
depends on the unknown distance to the lensing object will hinder making any precise den- 
sity estimate of MACHOs in our halo, at least for some time.6 Thus, microlensing searches, 
even though they have turned out to be spectacularly successful, are unlikely to answer all 
questions concerning the dark matter problem, and CDM searches are as well motivated as 
ever. 
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Recently it has been shown that the axion signal may have structure associated with 
it in the form of almost monochromatic lines. These extremely narrow lines represent 
the memory of the phase space distribution of the initial almost zero-temperature gas of 
axions.’ Theoretically these lines may be monochromatic to lo-’’. If so, they provide not 
only an additional signature but also permit a significant improvement in sensitivity (signal 
to noise), even if only a few percent of the axions are in these narrow lines. 

C. The Second-generation Experiment 

1. Technical overview 

The second-generation experiment at LLNL is similar in design and operation to the 
first-generation experiments, except for being much larger in scale. The magnet (under 
construction by Wang NMR) is designed for a 8.5 T central field, and is 1 m long with 
a 60 cm bore. The cryostat is 3.7 m high, 1.4 m in diameter .and weighs 11 tons. The 
central well can accommodate a physics package with a single tunable 50 cm i.d. cavity, or 
arrays of multiple cavities of smaller dimensions. A small J-T refrigerator atop the cavity 
array cools the cavities. and the HEMT amplifier to - 1.5K. The physics package can be 
inserted or removed warm from the central well, while the magnet-operated in persistent 
mode-remains on. The magnet and a second test cryostat will reside on opposite ends of 
a 40’ x 60’ room dedicated for the axion experiment at LLNL. 

The electronics will be similar to the Florida pilot experiment, consisting of a relatively 
narrow-band HEMT amplifier from Berkshire Technologies’ and a double-heterodyne re- 
ceiver to mix the cavity bandpass in the 0.3 - 3 GHz range first down to 10 MHz, then down 
to the audio range. The power spectrum within the bandpass is calculated by a stand-alone 
Fast-Fourier Transform unit, and the data will be collected by a host computer, which will 
also perform d1 experiment monitoring and control. 

In order to cover a decade of mass range, the “second-generation” experiment will be 
the first to use multiple-cavity arrays. Cavity array #I will be a single 50 cm id. cavity (“1- 
fold”) with a central frequency fo = 460 MHz. By means of metal and dielectric tuning rods 
moved radially from the wall to the center, the tuning range can be +50%, -30% without 
serious loss of the cavity Q or form factor C. Cavity array #2 will be a Cfold array with a 
central frequency of N 2.1 fo, and again tunable to +50%, -30%. Cavity array #3 will‘be 
a 32-fold array (16 cavities in a transverse cut, but also subdivided into two lengthwise to 
keep a convenient aspect ratio), with a central frequency of - 4.4 fo and tunable by +SO%, 
-30%. Thus with three arrays the whole tuning range of 320 MHz (1.3 peV) to 3.28 GHz 
(13.6 peV) can be covered continuously. 
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2. The collaboration and division of labor 

At the present time, the collaboration consists of the following institutions and personnel 

0 LLNL: C. Hagmann, W. Stcffl, K. van Bibber 

0 MIT: E. Daw (GS), L. Rosenberg 

0 University of Florida: P. Sikivie, N. Sullivan, D. Tanner 

0 LBL: D. Moltz, 

0 FNAL/Chicago: F. Nezrick, M. Turner 

0 INR: N. Golubev, L. Kravchuk 

LLNL is responsible for the design and fabrication of the magnet; the design and fab- 
rication of the physics package, including cavity array #1; siting the experiment and its 
operation. Livermore also provides overall coordination of the experiment; K. van Bibber 
is co-spokesman for the project. 

MIT is responsible for most of the microwave electronics, including the HEMT amplifiers 
and the receiver. The host computer (Quadra 950) and some test equipment is provided by 
LLNL, aad the high-resolution electronics is shared by MIT and the University of Florida. 
L. Rosenberg is co-spokesman of the experiment. 

LBL contributes to the cavity R&D and prototyping activities, and will undertake to 
do the development of the piezoelectric motors, both circular and linear, for the tuning of 
multi-cavity arrays. LBL contributes some machine shop work to the project. 

FNAL has both expertise and hardware from the RBF pilot experiment and is con- 
ducting R&D on the frequency stability of “dry” cryogenic cavities, such as in the present 
design. 

INR assists in cavity R&D, especially copper-plated stainless cavities, such as for cavity 
array #l. 

The University of Florida has expertise and hardware from the UF pilot experiment and 
is developing the high-resolution spectrum analysis. 

3. Status of the experiment 

Wang NMR, Inc. won the competitive bid for construction of the magnet and its cryostat 
and the test cryostat. The contract was signed in April 1993. The magnet has been wound, 
with delivery scheduled for August 1994. 

The mechanical site preparation (room cleanout, digging and pouring pits) has been 
completed at LLNL. The electrical work (power, Ethernet, phones and installation of a 
s m d  temperature-controlled electronics shack) will occur early in FY95. 
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The design of the physics package (cryogenic tower, mechanical support and controls, 
vacuum and cavity array #1) was completed in April 1994. The components were fabricated 
during JuneJuly, 1994. Assembly and mechanical shakedown began this summer, mostly 
carried out by a large team of students. The electronics will be delivered from MIT in 
October 94, and final testing at LLNL will take place by late fall. Commissioning of the 
experiment and the beginning of the first run should occur in Q2 or Q3 of FY95. 

I). High-resolution data acquisition 

As mentioned above, the sensitivity of the experiment might be increased substantially 
by measuring the spectrum at high resolution. Such a measurement will be carried out 
in parallel with the measurement at more modest (of order 1 kHz) resolution needed to 
observe the full spread of energy due to the motion of axions around the center of the 
galaxy. Galactic halo axions have have velocities ,d of order and hence their energies 
E, = ma + $map2 have a spread of order 

On account of the very weak interaction of the axions with other matter, and because 
the axions at the time of their creation are very cold, it has recently been shown1 that the 
halo axions are located in phase space on very thin sheets, and, hence, the axions have 
specific, well defined energies, determined by their history since the formation of the galaxy. 

The improvement in signal to noise depends on the integration time T of the experiment 
and the fraction p of the axion signal that is in these narrow peaks.8 Table 1 shows the 
enhancement factor A expected for various values of these parameters, calculated from the 
st andard radiometer equation: 

above the axion mass. 

where QL = lo6 is the “normal” axion signal width (500 Hz wide at a frequency of 500 MHz) 
and QH = f~ is the high resolution signal width in measurement time r. (The resolution 
is 2/7.) 

A block diagram of the electronics for the axion detector is shown in Fig. 1. It consists 
of microwave amplifiers mixer, IF amplifiers, a second mixer, and FFT spectrum analyzers. 
There are two channels, with one inspecting the cavity and a second “veto” channel looking 
at background signals. The high resolution spectrometer takes the audio signal just after 
the second mixer and performs a 4x106 point FFT at the same time as the SRS spectrum 
analyzer is calculating and averaging up to lo5 256 point FFT spectra. The main point is 
that the two processes go on in parallel, without affecting each other. 
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Table 1. Anticipated sensitivity improvement 
from a high-resolution spectrometer. 

P (%I r=1 sec r=30 sec 
1 0.22 1.2 
3 

10 
.71 
2.1 

3.7 
12.3 

The enhancement factors were computed for 
a frequency of 500 MHz. 

u t 0  ch 

Fig. 1. Block diagram of the axion detector electronics. 

The boards for the high resolution spectrometer (BittWare Gamma) have been pur- 
chased by our MIT collaborators. UF will provide the host PC and carry out the integration 
and programming of the system, with delivery expected in Spring 1995. 
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E. Papers and Presentations 
The following lists the papers and presentations of the Task C group during the past 

year. 

1. Papers 

1. “Axion detection in the eV mass range,” Pierre Sikivie, D.B. Tanner, and Yun 
Wang, Phys. Rev. D, in press. 

2. “A next-generation cavity microwave experiment to search for dark-matter axions,” K. 
van Bibber, W. Stoffl, P.L. Anthony, P. Sikivie, N.S. Sullivan, D.B. Tanner, V. ieleznf, 
N.A. Golubev, O.V. Kazachenko, L.V. Kravchuk, V. Kuzmin, G.V. Romanov, I.V. 
Sekachev, L.J. Rosenberg, C. Hagmann, D.M. Moltz, F. Nezrick, M.S. Turner, and F. 
Villa, in Proceedings of the First IFT Workshop: Dark Matter, edited by R. Field, in 
press. 

3. “Status of the large-scale dark-matter axion search,” C. Hagmann, W. Stiiffl, K. van 
Bibber, E. Daw, L.J. Rosenberg, P. Sikivie, N.S. Sullivan, D.B. Tanner, D.M. Moltz, R. 
Tighe, F. Nezrick, M.S. Turner, N.A. Golubev, and L.V. Kravchuk, in Proceedings of 
the UCLA Astrophysics Conference, in press. 

2. Pmsentations 

1. “Axions: Theoretical Overview”, P. Sikivie, at the Workshop on Strategies for the 
Detection of Dark Matter Particles, (Lawrence Berkeley Laboratory, 21-24 February 
1994). (Invited) 

2. “Concepts for higher-Q and higher-f cavities,” D.B. Tanner at the Workshop on Strate- 
gies for the Detection of Dark Matter Particles (Berkeley, 23 February 1994). (Invited) 
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I Introduction 
This computing proposal (Task S) is submitted separately from the CLEO portion of our 

DOE proposal (Task B) and dates from the h e  we submitted a proposal to DOE in 1987-88 to 
acquire a new computer system. Since that time we have become involved with many computing 
initiatives which justify the submission of separate proposals. 

Current system 
* .  

-* # f  

We purchased a system based around the new DEC Alpha processors in Fall, 1993 using DOE 
and University funds. We chose DEC because we were able to negotiate an extremely good 
discount from them and we were able to convince them to donate the 26 DEC 5000-200 
processors we traded in back to UF, which in tum made it possible to get funding from the 
University. (The processors, monitors, 25 GB of disk and most of our FDDI network were given 
to UF to start up a new Unix laboratory for students.) The system currently consists of the 
following pieces: 

1 DEC 3000-500 processor (96MF3,8GB) fde server for users 
12 DEC 3000-600 processors (UMB, 1GB disk) computing farm at UF 
8 DEC 3000-600 processors (64MB, IGB disk) computing farm at Cornell 
1 DEC 5000-25 workstation (16MB) used at Cornell 
1 VAX 3100-38 server 
15 X-Terminals 

4 DATdrives 
2 Exabyte drives (2 GB) 

Several PCs 

6OGB of disk (50GB for data storage) 

The system current supports the high energy experimental and theoretical groups and our 
collaborators. We also provide accounts for a huge number of graduate students finishing their 
theses and physics undergraduates who need computing support. These latter activities ae a 
negligible load on the system but provide goodwill within the department. 

We have two connections with the outside world. (1) a dedicated 9600 baud line to Florida 
State University which mutes the connection aitectly to Fermilab and HEPnet and (2) a 
connection via several T1 lines to NSFnet maintained by the University. 

II Computing activities 



600s. With the much larger data samples that will be stored on disk, our physics analyses and 
GEANT Monte Carlo simulations will requh more computing power and disk space. These 
include the processes we are studying now, such as partial B reconstruction, color suppressed B 
modes, channed baryon processes and charm decays. CLEO members who are collaborating with 
us on these projects will also be pursuing related analyses and simulations on our system. 

4. Supersymmetry program 
Pierre Ramond and his students are extending their previous work with a much more ambi- 

tious program to explore new regions of parameter space of the Supersymmetric extension to the 
Standard Model. The new program requires a two order of magnitude increase in computation, 
which previously was carried out on a Vax 6220. 
5.  Hadron B Monte Carlo 

hadron B physics. 

6. CMS Monte Carlo 

We will be generating large amounts of signal and background Monte Carlo foi studyhg ' ' 

Once the CMS group gets established at UF we will be using the Monte Carlo program 
developed at Fermilab to do fast simulations of CMS and other LHC detectors. 

Ill UFMulti distributed computing software development 

effort since 1988. With UFMulti a single HEP application can be distributed across a large set of 
Unix machines and run in parallel. This has allowed us to take advantage of the microprocessor 
revolution to acquire a large amount of computing power at low cost, because we do not need the 
expensive high bandwidth buses used in almost all parallel processor designs. Our development of 
UFMulti also helps generate funding for computer resources and enables us to negotiate better 
discounts from computer vendors. 

Work on UF'Multi has continued steadily this year in collaboration with Prof. Theodore 
Johnson of the Computer Science Department at UF and several of his students, two of whom 
have received Masters degrees on this project in the past 18 months. The people involved from 
Physics are Avery, Chandra Chegireddy (System Manager), and Ransom Stephens (CLEO post- 
doc). Avery gave a talk on UFMulti at the 1994 CHEP conference in April, 1994. 

The UFMulti software system we developed at UF has been the cornerstone of our computing 

IV Grand Challenge project 

Anstin and UCSD formed in March, 1993 with the goal of providing distributed computing tools 
for high energy physics. We submitted a proposal to the Grand Challenge High Performance 
Computing and Communications (HPCC) program of NSF in July, 1993 and lrcceived approval in 
May, 1994. We propose to design a fault-tolerant distributed computing system connected by an 

A collaboration of high energy physicists and computer scientists from Florida, Cornell, UT 
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ATM network which will be used to analyze HEP data over local or geographically dispersed 
computer systems. 

farms located at Cornell and UF, each of which will be linked together by ATM networking 
hardware paid for out of the grant. We will develop the software using ideas developed in 
UFMulti together with the highly fault-tolerant distributed softwm developed by the ISIS group 
at Cornell. The testbed system will be used to analyze real CLEO data with software designed by 
this p u p .  Most of the grant ($3M over a 5 year period) will be used to pay for personnel, with 
the rest going to ATM related equipment and new CPUs for the testbed system. 

Because of this and previous work (we received an External Research contract with DEC in 
1989), we were selected by DEC to be a field test site for their new ATM hardware. The 
hardware will arrive in mid-septermber, 1994 and be provided at a very large discount. 

The hardware centerpiece of the proposal is the testbed system, which consists of the two UF 
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