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I. Project Abstract

In this document the High Energy Physics group reviews its accomplishments and progress 

during the past five years, with special emphasis for the past year and presents plans for continuing 

research during the next several years.

A. Experimental Program

During the last few years the effort of the experimental group has been divided approximately 

equally between fixed target physics and preparations for future collider experiments.

The BNL fixed target experiment 771 took the world’s largest sample of D(1285) and E/iota(1420) 

events, using pion, kaon and antiproton beams. We have produced about 9,000 E/iota(1420) and 

about 5,000 D(1285) events with the pion beam. The original interest in this experiment was the 

possibility that the iota is a glueball. The spin-parity-C parity of the D(1285) has been determined 

to be 1++ with a non-negligible peak in the 0 ^ wave. The complex system at 1420 MeV is 

primarily 0 ^ with important contributions from 1++ and 1 ^ Production of the D(1285) and 

E/iota(1420) by antiproton beam is also substantial, with the D being 1++ and the E/iota primarily 

being 0 l'. The K~ beam data do not show D and E/iota production and the cross section upper

limits are an order of magnitude smaller than the corresponding ones produced by the pion beam. 

The new peak at 1512 MeV has been determined to be 1++. Analyses of the kaon and antiproton 

beam data are continuing.

Data reduction and most of the analysis have been completed for the Fermilab fixed target 

experiment E711, which was designed to measure di-hadron production in pN interactions at 800 

GeV. This is the first experiment that used the FSU supercomputer to both reduce the data and 

perform the Monte Carlo simulations. The atomic weight dependence, when parameterized as 

ct(A) = cr0Aa, yielded a value of a = 1.043 it 0.011 ± .012 independent of the two particle mass 

(up to 14 GeV/c2) and charge state. The cross section per nucleon was also measured as a function 

of two particle mass and agrees very well with QCD calculations that were fitted to ISR and EMC 

data. The first two papers on this data were submitted for publication. Analysis of the angular 

distributions is continuing.

The FSU group has made a major commitment to the Fermilab collider experiment, D0-E74O. 

D0 should excel at a wide range of physics - from heavy states (bottom and top) to W-Z mea­

surements to searches for new particles. D0 will be more hermetic, have better hadronic energy
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resolution and better muon discrimination that CDF and complement the data taken by CDF. 

The FSU manpower for this experiment has been steadily increasing as our fbced target effort has 

wound down. In the past we headed the coordination of the test and calibration facility at Fermilab 

and are still heavily involved in this effort. Our shops built more that 3,500 components of the 

central calorimeter. We also built the quality control equipment that measures the uranium plate 

thickness and templates for the position of notches. The on-line and off-line graphics programs are 

being developed under our direction. Members of our group wrote vast quantities of software for 

the development and analysis of various components of the detector and helped install the Monte 

Carlo program GEANT on the supercomputer and develop a vectorized version of it. We expect to 

reap good physics results from D0 in the coming few years.

The CERN collider experiment ALEPH at LEP is scheduled to take data this year. The initial 

goals include the determination of the Z mass and width, the couplings to the upper and lower 

components of the hadronic isospin doublet, forward backward asymmetries of hadronic events, and 

measurements of the fragmentation process. The manpower for this program is slowly increasing 

and we expect to have as many as three full time persons at CERN during the next data taking 

period. FSU is in charge of the on-line VAX station cluster system for which we have contributed a 

substantial amount of hardware. We are responsible for the software of this system and now have 

a system to display in three dimensions the detector and individual events. The simulation of the 

detector is a crucial component and we have coded large parts in vector mode to allow the analysis 

of large quantities of Monte-Carlo events. We are gearing to analyse large amounts of data on our 

computer system and get some of the earliest results from ALEPH.

Many papers were published on completed fixed target experiments performed at Fermilab. 

Results of the above mentioned fixed target experiments, as well as several other completed ones, 

were also reported at various conferences.

B. Theory Program

During the past five years the main emphasis of the theory group has been in the area of strong 

and electroweak phenomenology with an emphasis on hard scattering processes. With the recent 

creation of the Supercomputer Computations Research Institute, some work has also been done in 

the area of numerical simulations of condensed matter spin models and techniques for implementing 

numerical simulations on supercomputers.

Calculations of hard scattering processes require knowledge of the appropriate input parton 

distributions. We maintain a file of current deep inelastic scattering data and update fits of parton
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distributions periodically. A set of parameterizations of these results has been published and isl
widely used in comparisons with a variety of data. These have been continually refined as new data 

become available. We have also continued to seek ways of improving our knowledge of the gluon 

distribution. A recent analysis used both direct photon and deep inelastic scattering data in a joint 

fit using next-to-leading-logarithm expressions for the hard scattering processes. The results were 

more sensitive to the gluon distribution than if deep inelastic data alone had been used.

A new method for using Monte Carlo methods to perform next-to-leading-logarithm calculations 

has been developed and applied to symmetric di-hadron production and jet photoproduction. The 

method is currently being applied to direct photon production where we will be able to calculate 

observables involving photon-jet or photon-particle correlations. It is expected that these programs 

will yield new and more precise determinations of the nucleon gluon distribution as new data become 

available.

Many topics in collider phenomenology have been investigated including signatures of super­

symmetric particles, fourth generation quarks, E{Q) superstring theory phenomenology, and Higgs 

signatures, just to name a few. Current projects include studies of strategies for t—quark searches 

at the Tevatron and CERN colliders. A detailed list of topics and current papers is given later in 

this report.

Two of our students recently received their Ph. D. degrees, one for a calculation of symmetric di­

hadron production and the other for an analysis of a stochastic method of simulating renormalization 

group improved lattice gauge theory actions.

With the recent successful runs of collider and fixed target experiments at Fermilab and CERN, 

and with new facilities due to come on line soon, we look forward to new challenges and topics of 

investigation.
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II. Five-Year Summary

A. Support:

The high energy physics group is now currently being supported 
by the U.S. Department of Energy and Florida State University. The 
table below summarizes the funding for the past five years. We have 
included contributions of the University — which have been quite 
substantial. Two years ago a Task B was started for Numerical 
Simulations and is not included in this summary. Neither included is 
the Detector R & D funded by the SSC program for the building of a 
small scintillator lead calorimeter with 1 cm2 pads. In 1989 the DOE 
and FSU agreed to fund (50% each) an upgrade of our VAX system. The 
total cost is $300,000 and FSU has given $150,000 while the DOE'S 
share is to be funded over three years. 1989 includes the full FSU 
VAX upgrade share but only $50,000 for DOE.

Revised Budgets During the Past Five Years 
(in thousands of Dollars)

Contract Year | 1985 | | 1986 | | 1987 | | 1988 | | 1989 | |
1 FSU | DOE | |

i ’’
j i 

1 C
O 
1

1 C
 1

1 — 
1 uoQi FSU | DOE | | FSU | DOE | | FSU | DOE | |

Personnel1 | 2301 345 | | 258 | 387 | | 280 | 356 | | 297 | 458 | | 330 | 507 | |Expenses j 4| 275) | 0| 228 j j 3 1 208) j 0| 203 | j 0| 196 | |
Equipment | 0 1 73 | | 0| 79 | | 4| 40 | | 32 | 10|| 162 | 60 | |Indirect2 j 103| 132| | 114 | 131|| 125| 1211 | 1311 139| | 145 | 147 | |
Sub Total | 337| 825 | | 372 |

1
825 | | 412 | 725 | | 460 | 810 | | 637 |

1
910 1 1Fermilab acct.j 1 25 | | 25|| 1 25 | | 1 25 | | 20 | |

TOTAL | 337 | 850 | | 372 | 850 | | 412 | 750 | | 460 | 835 | | 637 | 930 | |Available3 j 337| 850| | 372 | 815 | | 412 | 785 | | 460 | 840 | | 637 | 925 | |
(1) FSU share of personnel include 2 full time physicists, 1 full time 

engineer, 1 full time machinist, 50% of academic salary of faculty 
except Lannutti who is at 20% of full year.

(2) FSU Indirect cost calculated at on-campus rate of 44.0%
DOE Indirect cost at off-campus rate of 21.3% (85-87) & 21.0% (88-89)

(3) In 1986 DOE ordered a sequestration (Gramm-Rudman) of $35,000 to be 
transferred to 1987. $5,000 in 1989 was for a conference held in 1988.
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B. Personnel:

At the beginning of 1985 the High Energy Physics group included 
11 Ph.D. physicists, 8 of whom were paid by the University. At present, 
in 1989 the group includes 14 Ph.D. physicists ( one person on one 
year leave of absence), 9 of whom are paid by the University. One 
new faculty position was added in 1989 and Prof. John Womersley will 
arrive on campus in August 1989. Also Mr. M. Ikeda, a student at 
University of California, Riverside has accepted a Research Associate 
position and will join our effort at CERN as soon as he completes his 
dissertation.

The table below gives the names of Ph.D. physicists who have been 
part of the high energy physics grant during the last five years. The 
table also lists the title, the period and the funding source.

THEORETICAL:
1985 | 1986 | 1987 | 1988 | 1989 (Funding

A. Axelrod (RA) 
H. Baer (RS)
D.W. Duke (Fac) 
J.D. Kimel (Fac) 
J. Ohnemus (RA)
J. F. Owens (Fac)
K. Whisnant (RA)

>

>

->
LOA

>
>

>

>

DOE
DOE
FSU
FSU
DOE
FSU
DOE

EXPERIMENTAL:
J. H. Goldman (RS) 
S. Hagopian (SP)
V. Hagopian (Fac)
K. Johnson (CRS)
D. Kaplan (CRS)
J. Lannutti (Fac) 
D. Levinthal (Fac) 
F. Lopez (RA)
H. Piekarz (RS)
J. Streets (RA)
H. Wahl (Fac)

>

>

>

>

>

>

->
>*

>

DOE
FSU
FSU
FSU
FSU
FSU
FSU
DOE
DOE
DOE
FSU

Fac - Faculty; RA - Research Associate; SP - Staff Physicist; 
CRS - Computer Research Specialist; RS - Research Scientist; 
LOA - Leave of absence.
Note: The University considers SP and RS as faculty.
* Resigned to take a permanent position at FNAL.
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Florida State University supports the High Energy Physics group 
with manpower as well as capital and expense funds. During the 
academic year the faculty is totally paid by the University and our 
teaching load is one course, with occasional time off for full time 
research.

In addition, the University has assigned to our program three 
full-time research personnel paid entirely by FSU funds. They are:
1) Dr. Sharon Hagopian (Staff Physicist) who devotes 100% of her 

time to our experimental program.
2) Dr. Kurtis Johnson (Computer Research Specialist) who also devotes 

100% of his time to the experimental program.
3) Mr. Maurizio Bertoldi (Engineer II), who is our mechanical engineer 

and devotes 100% of his time to our experimental research program.
By the use of DOE funds, the group employs 3 full time persons:

4) Mr. James Thomaston (Engineer II) is our electronics engineer.
5) Mrs. Sherry Beasley (Grant Specialist II).
6) Mrs. Kathy Mork ( Administrative Secretary).

In addition, during the past several years, the equivalent of one 
full time machinist, paid by FSU funds, worked building equipment 
components for our experimental program.

Not shown above, but of course of significance to the research 
program, are the graduate students trained in the group. The number 
of graduate students varies as new ones join the group and others 
graduate. During the past year four students completed their Ph.D. 
dissertations. They are:
1) Lewis Bergmann
2) David Boehnlein
3) Steve Black
4) Kathy Turner Streets
At present we have another 9 graduate students working with our group. 
From time to time we also employ undergraduate students who help us in 
various aspects of our research program.
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III. Highlights of Activities During the Past Several Years:

During the past five years the experimental group increased by two new faculty members, 

both of which are new positions. In addition, during this period we had two promotions from 

associate professor to professor (J. Owens and J.D. Kimel) and two from assistant professor to 

associate professor with tenure (D. Levinthal and D.W. Duke). Also several years ago the Physics 

department added two new faculty members specializing in lattice gauge theory and their support 

is now a new DOE Task B.

• W.J. Womersley, now at Fermilab, employed by University of Florida, will join our faculty in 

August 1989 as an assistant professor.

• J. Streets (Research Assoc.) resigned effective 5/89 and accepted a permanent position at 

Fermilab.

• M. Ikeda from University of California, Riverside, recently accepted a Research Associate posi­

tion to be based at CERN and work on ALEPH.

• D. Levinthal was granted an academic year (1989-1990) sabbatical and will be at CERN working 

on ALEPH.

• D. Levinthal continues to receive the fifth year of a five year Presidential Young Investigator 

Award at $62,500 per year.

• D. Levinthal is in the second year of a two year Sloan Fellowship with a $25,000 grant.

• S. Hagopian serves on Fermilab’s Users Facility Advisory Committee.

• J.E. Lannutti continues to serve on HEPAP.

• J.E. Lannutti continues to serve on the URA Board and is chairman of the Physics Committee.

• J.E. Lannutti and D. Duke continue to serve as Director and Associate Director of the Super­

computer Computations Research Institute.

• V. Hagopian serves on the executive committee of the Southern Association of High Energy 

Physics (SAHEP).

• H. Wahl received a $55,000 grant from DOE-SSC for R&;D of a small scintillator element 

calorimeter.

• J. F. Owens served for three years on the URA Site Visiting Committee which evaluates the 

operation of Fermilab.
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• K. Whisnant resigned his Research Associate position to take a faculty position at Iowa State 

University.

• J. Ohnemus joined the theory group as a Research Associate.

• H. Baer joined the theory group as an Assistant Research Scientist.

• D.W. Duke and J.F. Owens, served as co-organizers for a conference entitled “Advances in 

Lattice Gauge Theory”, held at FSU in 1985. They also served as co-editors of the proceedings.

• J.F. Owens served on the international organizing committee of a NATO Advanced Research 

Workshop on QCD Hard Hadronic Processes held in St. Croix in 1987.

• J.F. Owens served as co-organizer of a lattice higgs workshop held at FSU in 1988. He also 

served as a co-editor of the proceedings.

• H. Wahl served on the international organizing committee of the Second Workshop on Calorime­

try held in Alabama in 1989.

• During the past several years, members of the high energy group participated in many workshops 

and conferences and gave numerous talks.
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IV. EXPERIMENTAL PROGR AM

Summary of the Experimental Program:

Here we present our program of experimental high energy particle physics. We review our 

program during the past five years, we present our current on-going activities and our plans for the 

foreseeable future.

The past five years has been a period of slow transition from fixed target to collider experiments. 

We completed the analysis and published papers on several fixed target experiments that took data 

in the first half of the 1980’s. From 1985 through 1988, the major effort of the group was directed 

towards two fixed target experiments. The first, at Fermilab, entailed the study of the production of 

high transverse momentum particle pairs. In this experiment one of our members was the spokesman 

and FSU contributed over 75% of the effort. The second experiment was at BNL, where we studied 

the D(1285) and E/iota(1420) regions. For this experiment, FSU initially contributed 25% of the 

effort. Our share of this experiment has slowly increased to the present level of about 50% of the 

effort.

Starting with 1987, we increased substantially our participation in two major collider experi­

ments, namely Dty at FNAL and ALEPH at CERN. Also, we view the SSC as an important future 

direction of our group and considerable effort has been expended towards this objective. Our group 

provided the prime motivation in getting the State of Florida to submit an SSC siting (near Jack­

sonville, Florida) proposal. Since then we have worked on a variety of detector problems for the 

SSC and several of our members have joined the liquid argon/uranium large detector (son of D%) 

proposal effort. At this time the group has decided to be part of one major collider detector, rather 

than dividing our effort on two or more experiments at the SSC.

The presentation of the experimental part is divided into two main sections: fixed target ex­

periments and collider experiments.

Under the fixed target section, we describe our extensive efforts in the two fixed target experi­

ments, which were the main thrust of our program, namely:

• BNL E771 - Study of the D(1285) and E/iota(1420) in ir~p,K~p and pp Interactions at 8

GeV/c.

• FNAL E711 - Di-hadron Production in pN Interactions at 800 GeV.

Also briefly described is an AGS experiment where the spokesman is a member of our group:

9



• BNL E820 - Search for Strangeness -1 Dibaryon Resonances.

For completeness, we review briefly the following completed fixed target experiments, where data 

were obtained before 1986, but some of the analysis and several of the papers appeared in this 

review period:

• FNAL E580 - A Study of K0K°,AA,K0K°nir,K0A.mr , etc Production in n~ p Interactions 

at 200 GeV.

• FNAL E557/623 - High Transverse Momentum Jets.

• FNAL E623 - A Study of 4><j>, <f>K+K~, etc Final States in pN Interactions at 400 GeV.

• BNL E673 - K~p and pp —*■ K+X~ Interactions using the BNL MPS.

• SLAC BC 67, 72j7Z - ir+p and yp Interactions Using the SLAC Hybrid Bubble chamber.

Under the collider physics experimental program, we describe the extensive efforts of our group 

on two experiments, namely:

• L>0 at FNAL

• ALEPH at CERN.

Also discussed are our varied efforts for the SSC, focusing on the detector development work.

During the past five years, the experimental group has benefited from the acquisition of CDC 

supercomputers (205 and ETA10) and the establishment of the Supercomputer Computational 

Research Institute (SCRI). Our very close working relationship with the scientists at SCRI has 

enhanced the programs of both groups. SCRI has hired five experimental high energy physics 

Research Scientists. Below we list their names and other pertinent information:

Name Starting date Experiments

M. Corden 3/88 CERN ALEPH

C. Georgiopoulos 12/84 FNAL E711 and CERN ALEPH

S. Linn 9/85 FNAL D0 and SSC

M. Mermikides 12/88 CERN ALEPH

S. Youssef 12/86 FNAL D0 and SSC

The primary focus of the SCRI group is the vectorization of GEANT and other simulation 

programs. We expect to continue our very close working relationship for the forseeable future.
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A. Fixed Target Experiments

1. Brookhaven National Laboratory Experiment 771

K+K0Tr~ Production and the Study of the D(1285), E/iota(1420) and a Resonance at 1510 MeV, 

With 7T , K~ and p Beams at 8 GeV/c.

This experiment obtained data over a period of four years from 1983 to 1987. The original 

motivation was the study of the E(1420) region with at least 10 times the statistics of any previous 

experiment. The goal was to decide between the two conflicting claims of the spin, parity and 

C-parity of this object. The two claims were 0 ^ which did not fit the standard SU3 multiplet 

classification and 1++ which had a place in the spin 1 multiplet. The interest in the (0 state 

is due to the fact that this resonance is a glueball candidate. But the more data we obtained, the 

more evident it became that the system is very complex.

So far our analysis concluded the following:

1. The D(1285) is mostly 1++ but there is also a non-negligible 0 + resonance at about the same 

mass. This fact was confirmed by another experiment studying the decay mode t/tttt.

2. The E/iota (1420) region is very complex with one prominent wave 0 *" and possibly two more

resonances with = 1++ and 1^ .

3.

4.

The newly observed peak at 1512 MeV with a width of 35 Mev has spin parity of 1++.

The mass distribution of KKir produced with a K~ beam is very different from the one produced 

by a tt- beam. The D and E/iota peaks are missing and the production cross sections are at 

least an order of magnitude smaller than those measured using the tt- beam data.

Below is the table that list the chronology of the data taking and the number of events obtained:

Year n p —> K+K°tt n K~p K+K°n~X pp -f K+Kg ir

1985 210 x 109 flux
14,000 events

30 x 109 flux 
12,000 events

1985 310 x 109 flux
13,000 events

5.5 x 109 flux
900 events

1986 430 x 109 flux
26,000 events

5.8 x 109 flux
1000 events

1987 30 x 109 flux
8000 events

45 x 109 flux 
10,000 events
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The analysis of the n~ beam data is essentially complete. The results were published in Physical 

Review Letters and all that remains is a final article that we are writing for the Physical Review. The 

K~ data of 1985 and 1986 have been reduced and the analysis is now complete. This data sample 

was utilized in the dissertation of one of our Ph.D. students. Even though the K~ data has no D or 

E/iota peaks, we analyzed it anyhow and performed a phase shift analysis to determine the partial 

waves that contribute to the reaction. The plots at the end of this section show the data produced 

by the K~ beam. The data reduction of the 1987 got delayed because BNL decommissioned their 

CDC7600 computer and replaced it with an IBM3090. Converting the computer programs to the 

new IBM3090 was a massive undertaking of three persons working full time for 9 months!!! Now the 

data reduction is almost complete and preliminary results from the p data are also shown at the end 

of this section. The D(1285) and E/iota(1420) peaks are clearly seen and we have begun the phase 

shift analysis. Another one of our students will use the p beam data for her Ph.D. dissertation. 

The major difference between the 1983 and 1987 p data was that, for the later run we built a 

time-of-flight (TOF) counter which was needed to separate the fast from the proton, (the 7r+ 

was eliminated by the high pressure Cherenkov counter). This TOF was also used for the K~ beam 

data.

BNL experiment 771, was proposed by BNL, FSU and Southeastern Mass. University. After 

approval was granted, the University of Indiana also joined the collaboration. FSU made a large 

commitment to this experiment, providing about 25% of the manpower during the data acquisition. 

Besides the usual effort during the data taking part, we at FSU built all the light guides of the 

TOF counter and helped in the final assembly of the unit. The TOF was put in the BNL-MPS in 

1985, just before the start of the second round of data taking. Without this unit, it would have 

been pointless to take any K~ data, as the protons in the final particles would have completely 

dominated the trigger, with no hope of separating out the . The TOF also was the crucial 

difference between the 1983 and 1987 p data, where the non-K^ K°tt~ background was reduced to 

essentially zero. FSU took complete responsibility for the reduction and analysis of both the 1983 

and 1987 p data. We also reduced and analysed the 1985 and 1986 K~ data. In addition we also 

reduced the 1987 K~ data and the analysis of this part of the data will be performed by a SMU 

graduate student. One important result that we were able to get, was the relative cross sections 

for the D(1285) and E/iota(1420) by tt- and K~ beams. Even though it was known that D and 

E/iota had either small or zero production cross sections with a K~ beam, there was no good 

way of comparing these values with 7r~ beam results. Since the equipment, the trigger elements,

12



the reconstruction programs and the beam momenta were the same for the K~ and tt- data, we 

were able to compute relative cross sections. The production of the D and E/iota by a K~ beam 

compared to a ir~ beam is down at least one order of magnitude. This is a puzzle, as quark exchange 

diagrams predict approximately equal production cross sections.

Another result that came out of the p portion of our data, is the upper limit of

[/(3100) —► pA(mr)-,n > 1

This object had been observed with very poor statistics at CERN and Serpukov. We were 

unable to confirm their observations!

The list of the publications on the next page gives all the published results of this experiment 

with the last five being during the past year. Paper 11 is the written version of a talk given by V. 

Hagopian and number 14 is the write-up of a the talk given by our student, Amber Cope Boehnlein. 

FSU personnel have given four invited talks on this experiment, including one at the BNL user group 

annual meeting in 1987.

In the near future we intend to complete the data analysis of the p data. This will be the 

dissertation of our student Amber Cope Boehnlein. A paper on the relative production cross 

sections of the D and E/iota by K~ and tt- beams will also be written. The K~ beam data of 1987 

will be added to the 1985 and 1986 K~ beam data and a complete phase shift analysis will be done. 

We expect to analyse the K~ and p beam data by the phase shift analysis programs developed for 

the tt- data. We expect both objectives to be substantially completed during 1990.

This experiment will end our commitment to the BNL program.
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Publication List of BNL 771 Experiment

1. Study of K+K°Tr~ Final States Produced by tt- and p Beams. Proceedings of the XIX Ren­
contre de Moriond Conference, 1984. Hadronic Session. Ed. J. T. Thanh Van, p. 689 (1984).

2. Partial Wave Analysis of KKtt System in the D and E/iota Region. Proceedings of the XX 
Rencontre de Moriond - International Conference on QCD and Beyond (1985). Ed. J. T. 
Thanh Van, p. 489 Edition Frontieres, Paris (1986).

3. Spin and Parity Analysis of KKn System in the D and E/iota Region. Phys. Rev. Letters, 
Vol. 55, p. 779 (1985).

4. Partial Wave Analysis of KKir System in the D and E/iota Region. Proceedings of the Inter­
national Conference on Hadron Spectroscopy, (1985), Maryland. AIP Conference Proceedings 
No. 132, Ed. S. Oneda, p. 27 (1985).

5. Partial Wave Analysis of KKn System in the D and E/iota Region. Proceedings of the Inter­
national Europhysics Conference on High Energy Physics, Bari (1985). Ed. L. Nitty and G. 
Preparata. Pub. of Europian Physical Society, p. 318 (1986).

6. Partial Wave Analysis of KKn System in the D and E/iota Region. Proceedings of the Annual 
Meeting of DPF-APS in Oregon (1986). Ed. R. C. Hwa, World Scientific Press (1986).

7. Effects of Delta(980) Parameterization in KKir Dalitz Plot Analysis. Proceedings of the 1986 
Hadronic Session of the XXI Rencontre de Moriond Conference. Vol. 2 - Strong Interactions 
and Gauge Theories, Ed. J. T. Thanh Van, p. 475, Edition Frontiers, Paris (1987).

8. Spin Parity Analysis of pp —► E(1420)X. Phys. Rev. D Vol. 34, p. 1960 (1986).
9. New Results on the E(1420)/iota(1460) Meson in Hadroproduction. Proceedings of the XXIII 

International Conference on High Energy Physics Berkeley, 1986, World Scientific Press, Ed. S. 
Loken, p. 725 (1987).

10. Partial Wave Analysis of K+K°ir~ Final State. Proceedings of the Second International Con­
ference on Hadron Spectroscopy, Japan (1987). Ed. Y. Oyanagi, K, Takamatsu and T. Tsuru, 
KEK Proceedings (1987).

11. Light Meson Spectroscopy, The D(1280) and E/iota(1420). Proceedings of the Conference on 
Production and Decay of Light Mesons, Paris (1988). World Scientific Press, Ed. P. Fleury, p. 
74 - 83 (1989).

12. Partial Wave Analysis of the System. Phys. Rev. Letters, Vol. 61, p. 1557 (1988).

13. Partial Wave Analysis of the K°r:~ System Produced in the reaction 7r-p —* K+KgTv~n 
at 8 GeV/c. Proceedings of the Third Conference on the Intersections Between Particle and 
Nuclear Physics. Maine, May 1988. Ed. G. Bunce, AIP Conference Proceedings 176, p. 759 
(1989).

14. Preliminary Results of pp at 8 GeV/c. Proceedings of the BNL Workshop on Glueballs, Hybrids 
and Exotic Hadrons, Aug. 1988. Ed. S. Chung, AIP Conf Proceedings, No. 185, p. 446 (1989).

15. Mass Dependent Fits of the Partial Wave Analysis of the K°-k~ System. Proceedings of 
the BNL Workshop on Glueballs, Hybrids and Exotic Hadrons, Aug. 1988. Ed. S. Chung, AIP 
Conf Proceedings, No. 185, p. 363 (1989).
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2. Di-hadron Production in pN Interactions at 800 GeV - Fermilab E711

The past year has seen the completion of FNAL Experiment 711. The objective of this experi­

ment was to acquire and analyze a data sample which could measure the parton-parton scattering 

cross section. This can be done by studying the production of pairs of hadrons, each of which has 

a large transverse momentum. The two leading hadrons can provide approximate measurements 

of each scattered parton and thereby give the energies and final state directions. The initial state 

directions are assumed to be collinear with the beam axis.

The data-taking finished in mid-February 1988. The reduction of the data was done on the 

CYBER 205 and ETA-10 supercomputers at FSU during the months of May and June, 1988. The 

final data summary files were finished by July, 1988. The acceptance and efficiency calculations 

were done by Monte Carlo simulation of the experiment. The simulated events were also generated 

on the FSU supercomputers. Preliminary results were presented by our graduate student K. Streets 

at the D.P.F. meeting at Storrs, Connecticut in September, 1988.

Since the presentation at the D.P.F. meeting the final corrections were applied to the data 

based on the full simulation. The atomic weight dependence of the scattering cross section when 

parameterized as cr(A) = crOJ4a yielded a value of a = 1.043 ± .011 ± .012 independent of mass or 

charge state. Figure 1 shows the data from the three charge states and Figure 2 shows a comparison 

of the other experiments with the results from E711.

We extracted a cross section per nucleon using a value of a of 1.0 as our measurement was 

very close to this value. We also updated the CCOR QCD Monte Carlo to use new structure and 

fragmentation functions from fitting the recently published EMC data and including the expected 

scaling violations in the fragmentation process. The definition of Q2 was chosen to optimize the 

agreement with the CCOR 7r°7r0 results. The CCOR data, the E711 data and the results of this 

calculation are shown in Figure 3.

Since nuclear effects are small, we can also measure the angular distribution of the di-hadrons 

relative to the beam direction. This distribution, at fixed di-hadron mass, is closely related to the 

parton-parton scattering angle. The question of observing charge state dependence, due to differing 

matrix element contributions (same type quark states leading to same charge hadron states, versus 

different type quarks leading to -|— charge states), naturally arises. The distributions for two 

values of mass are shown in Figure 4. Preliminary analysis of the data has shown that, when it is 

parameterized by the form
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the data yields a value of a = 3.18 ± 0.12 for the opposite sign charge state and a = 3.42 ± 0.15 

for the same sign charge states. The value reported by CCOR for the ir°n0 final state was a = 

2.97 ± .05. The QCD Monte Carlo discussed before, yields slightly flatter distributions with a 

corresponding value of a = 2.74 for the CCOR analysis and a = 2.73 for the opposite sign and a = 

2.77 for the same sign.

These results have been written up as three articles and the first two have been submitted for 

publication. One student, K. Streets, has finished her Ph.D. dissertation and is interviewing for 

post doctoral positions. Another FSU student (H. White) is working on finishing the analysis. The 

third student (G. Boca) is writing his dissertation and already has a position with the University 

of Pavia in Italy. ’

E711 was primarily an FSU experiment, with nine physicists and five graduate students. From 

other institutions the participation was a total of four physicists and one graduate student (Fermilab, 

University of Michigan and University of California, Davis). For this experiment we built five wire 

chamber modules (2 PWC and 3 drift) each with four planes where most of the parts were machined 

in the FSU shops. We also built all the phototube bases, acquired the phototubes, helped in the 

construction and calibration of the calorimeter, designed and built various electronics. We wrote all 

of the software, from on-line monitoring, to reconstruction to data analysis, including Monte Carlo 

simulation. All of the data reduction and analysis was done at FSU. E711 was a major undertaking 

and we are happy that the results are excellent and worth the effort. We expect to report on this 

experiment at upcoming conferences.
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3. EXPERIMENT AGS820

SEARCH FOR STRANGENESS -1 DIBAR.YON RESONANCE USING REACTION
K~ +3 He —> 7r+ + n + X

FSU-BNL-Houston-INS-MIT-Ohio-Osaka-Texas A&M [1]

(Note: The proposal for this experiment with H. Piekarz as spokesman was submitted and approved 

before he joined our group.)

The BNL experiment AGS820 has run successfully in January/February 1989 for about 600 

hours during the AGS slow extraction period.

The aim of this experiment was to search for the bag model predicted strangeness -1 dibaryon 

resonance of 2.1 GeV/c2 mass, spin 0 and orbital- parity LP=-1 using the reaction:

K~ -f3 He —s- 7r+ + n + X

The above reaction was studied using the missing mass, two-arm magnetic spectrometer at 

the LESBII beam line of the AGS. The kaon beam momentum was chosen at 870 MeV/c and 

the scattering angle 20 degrees in order to enhance the production of the p-wave resonant states. 

The liquid 3He target located between the two arms of the spectrometer was surrounded by the 

scintillation hodoscope to provide a A particle trigger. The production of the A particle is not 

possible in the examined reaction with the exception of the dibaryon decay or two step rescattering 

process inside the target nucleus ( A'- -f p —> A + tt0 followed by 7r° + p —► n + 7r+ ). The probability 

of such a process is expected to be small and may be comparable to that of a dibaryon production 

itself.

The quasi-free formation of the S particle and two neutrons was expected to be the most 
strongly populated reaction channel giving a strong maximum some 20 MeV/c2 above the sigma-n 

threshold mass (2.13 GeV/c2) for the reactions studied at 20 degree scattering angle. In addition 

to that, some flat kaon decay background should also be observed.

If no dibaryon state is produced, the missing mass spectrum would be characterized by two 

maxima: one at about 2.07 GeV/c2 due to A — n — n events from the rescattering process and a 

second one at about 2.15 GeV/c2 due to S — n — n events from quasi-free sigma production. The 

second maximum would strongly dominate the missing mass spectrum. Taking into account that 

both 2.07 GeV/c2 and 2.15 GeV/c2 maxima are broad (>30 MeV/c2 ) the resonance may only be
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observed if its mass value is close to that predicted in the bag model ( about 2.1 GeV/c2 ) so the 

overlap with the background maxima is minimal.

The preliminary analysis (see figure on next page)of the missing mass spectra from the examined 

reaction indicates that indeed the best fit to data may be obtained with assumption of three maxima, 

two of them correspond to expected A — n — n and S — n — n channels while the third one is at 

about 2.1 GeV/c2. The S — n — n channel strongly dominates the spectrum while the cross-sections 

for both the A — n — n and 2.lGeV/c2 maxima are in the range of 10-15 microbarn/strd being in 

good agreement with previously observed [2] strangeness-1 “dibaryon” states ( 2.128 GeV/c2 and 

2.144 GeV/c2 ) in the interaction of K~ mesons with deuterium target nuclei.

In Table 1, a comparison is presented of the bag model predicted strangeness -1 dibaryon states 

with dibaryon-candidate maxima observed, in reactions of 870 MeV/c2 K~ mesons on deuterium 

and helium targets.

TABLE 1

DIBARYON [REF.3] OBSERVED MAXIMUM

STRUCTURE SPIN MASS[GeV/c2] SPIN MASS[GeV/c2] REF.

{Q6}1 3S1 2.17 3S1 2.13 ± 0.01 [2]
{Q4}x{Q2} 3PJ 2.16 3PJ 2.14 ± 0.02 [2
{Q4}x{Q2} 1P1 2.09 1P1 2.10 ± ?

Although the pattern of the observed maxima fits that for the predicted dibaryon states, the 

measured spectra will be analyzed from the point of view of both the systematic errors and back­

grounds.

REFERENCES

[1] H. Piekarz, S. Bart, R. Chrien, P. Pile, R. Sutter, N. Tsoupas, T. Ward, K. Johnston, E. 

Hungerford, L. Tang, T. Fukuda, M. Deutsch, K. Hicks, T. Kishimoto,R. Kraus.

[2] H. Piekarz, S. Tarem, J.R. Bensinger, S. Bart, R.E. Chrien, A. Moalem, P.H. Pile, R.J. Sutter,

T. Ward, M. Deutsch, J. Piekarz, T. Fukuda, T. Shibata, E.V. Hungerford, T. Kishimoto, B. 

Mayes, L. Pinsky, M. Barlett, G.W. Hoffman, R.L. Stearns “Evidence for a strangeness -1 and 

baryon number 2 state in the reaction K~d —> at 870 MeV/c”, to be published.

[3] P.J. Mulders, A.T. Aerts, J.J. de Swart, Phys. Rev. D21, 2653 (1980).
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B. Collider Experiments

In 1984 physicists of the Florida State University joined two collider experiments; the D0 exper­

iment at Fermilab and the ALEPH experiment at the LEP collider at CERN. During the past year 

we increased the manpower on the collider experiments and contributed substantially in hardware 

acquisition, construction of equipment and software development. With our fixed target experi­

ments slowly winding down (only two experiments are still in analysis mode), the effort on the 

collider experiments will continue to increase. Last year several graduate students worked on the 

collider experiments and the first student is now working on his Ph.D. dissertation. FSU has made 

significant commitments and contributions to both of these experiments and we expect them to 

dominate our experimental program through the early 1990’s.

1. E740 Fermilab pp Collider Experiment D0

The physics of D0 is very exciting and covers a wide range of topics. Even though the Standard 

Model has been enormously successful, the theoretical literature has focused on the necessity of 

augmenting it in some way. The experiment is expected to observe about 3000 Z° decaying into 

electrons and muons and also about 15,000 W —► eis. A precision measurement of the W and Z mass 

ratio will determine sin2^^ to an accuracy of 0.0005. Studies of decay asymmetry in W production 

and decay may signal the existence of heavy W’s and Z’s. Other studies will include QED/QCD 

ratio tests, high pj, studies and jet production. Of course, great interest also exists in searches for 

gauge bosons, Higgs bosons, heavy vector bosons, heavy leptons, supersymmetric particles, heavy 

quarks, technicolor, signs of a quark-gluon plasma, and new unexpected objects.

The physics of D0 will complement the data now being taken by the CDF detector. The D0 

detector was designed after CDF. It is more hermetic and should be able to measure complete 

events with fewer particles missing in dead regions. It also has better hadronic energy resolution 

than CDF because of its uranium-liquid argon calorimeter. The muon detector is far superior to 

that of CDF because of a thicker absorber and two layers of proportional drift tubes outside the 

absorber/magnet. The acceptance for high-pj. muons is larger and the kaon decay background 

and pion punch through are less than for CDF. Although the CDF central detector is better able 

to measure particles with energy below 20 GeV, the ease of calibration and better resolution of 

the liquid-argon-uranium gives D0 better energy measurement for high-py electrons. While CDF 

is an excellent detector of low energy particles due to its central magnetic field, D0 will allow 

cleaner recognition of jet properties without the distortion introduced by a magnetic field. The D0 

detector should excel at several types of physics including (a)semileptonic decays of heavy states

19



(bottom and top) which require a combination of full 47T lepton identification, excellent missing 

Pj, resolution, and good jet discrimination; (b) precision W-Z measurements requiring stable and 

systematic-free calorimetry; (c) measurements of high pj. single photons through the fine calorimeter 

segmentation; and (d) searches for a variety of new states (SUSY particles, technicolor objects, new 

quark generations, and heavy bosons) which require finding events with a mixture of jets, leptons 

and missing py

During the past 5 years, our participation in D0 increased from one person to four Ph.D.’s from 

the FSU High Energy group, two SCRI Ph.D’s, one programmer, two students and three part­

time technical support personnel. In August an additional Assistant Professor, John Womersley, 

who is already a D0 collaborator, will be joining our group and we are recruiting a postdoc to 

be stationed at Fermilab, working on D0. During this period, our group has contributed to the 

design and construction of D0 in both hardware and software. Our hardware responsibilities were 

mainly in the area of calibration, testing and quality control of the uranium calorimeter modules, 

and machining pieces for the modules. In software we were responsible in the areas of graphics, 

Monte Carlo and test beam analysis.

Early work on D0 included a track reconstruction program written by H. Goldman to help 

design muon proportional tubes. From May through August of 1986, H. Wahl and two FSU students 

worked at BNL on assembling and testing the prototype steel calorimeter module and the first full 

size prototype module made of depleted uranium, as well as the development of testing and quality 

control procedures. One of the students, E. Scime, continued working on this project, completed 

the impurity measurements of liquid Argon and wrote it up for his senior year research project.

One main focus of FSU’s effort in D0 has been the testing and calibration of calorimeter modules 

in the NWA test beam at Fermilab. The test and calibration beam was the responsibility of FSU, 

BNL and Univ. of Rochester, with contributions from FNAL, MSU, NYU and Univ. of Florida 

collaborators. This included 4 senior physicists, 2 post-docs and 2 graduate students and taking 

over 30 shifts per week for the 7 month run from August 1987 thru mid-February, 1988. A paper 

based on analysis of this data has been accepted for publication by N.I.M.

FSU’s contribution included working on the organization, installation, setting-up, data-taking 

and doing software development and analysis of the data. H. Wahl was in charge of the D0 test 

beam program from Feb. 1986 - May 1988. H. Piekarz has been stationed at Fermilab since June, 

1987, and has worked full-time on the test beam. H. Wahl and two graduate students spent the 

summer of 1987 at Fermilab working on the installation of the test setup. This included work on a
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Faraday cage, the cryostat, bathtub, supports for the modules, cabling for the electronics and beam 

line instrumentation. H. Piekarz made a special contribution in the design and implementation of 

the air pad system to rotate the test beam cryostat. F.S.U. took approximately 1/3 of the total 

number of shifts during the D0 test beam data-taking.

H.Piekarz also assumed responsibility for argon loading into the test beam cryostat and made 

crucial contributions to the liquid argon purity monitoring. These accurate oxygen contamination 

measurements gave important input to the models attempting to understand the “discharge” effect 

of the modules.

After the 1987-1988 test beam run, the NWA setup was modified by H. Piekarz to allow studies 

of how additives to liquid Argon (SF6 and allene) could help solve the discharge and current draw 

problem in calorimeter modules. These studies have continued during the past year. Results are 

encouraging and further studies will be made during the 1990 testbeam run.

FSU also made important contributions to the software effort for the test beam. S. Hagopian 

made special module displays and LEGO plots for the five central calorimeter EM modules, the 

end cap medium hadronic module and the central calorimeter fine hadronic modules. S. Youssef 

wrote CAMAC and PWC unpacking, tracking and display programs which were used to determine 

the beam position relative to the calorimeter modules. S. Linn worked on a cabling system for the 

five central calorimeter EM modules and incorporated this system into unscrambling routines to 

obtain the correspondence between read-out labels and physics variables. He also wrote matching 

routines to scramble the Monte Carlo data. S. Linn did Monte Carlo simulations of the test beam 

using the SCRI Cyber 205. S. Linn also worked on off-line analysis of the test beam data. He did 

studies of the uniformity of response and energy loss in the crack between two EM modules. This 

work was summarized in a Z?0 seminar given by S. Linn at Fermilab in May, 1988. S. Youssef is 

working on the MC4 vectorized Monte Carlo and has been granted time on the ETA-10 to do a high 

statistics simulation of the D0 test beam calorimeter. Chris Georgiopoulos and Martyn Corden are 

working on vectorizing GEANT, the CERN Monte Carlo program, which will be of use for many 

experiments including D0.

Sharon Hagopian was in charge of the group which designed and developed the 2-D version of 

the D0 event display of the final detector and data, which was released in February, 1989. This 

contains 2-D views of each sub-detector system (VTX,TRD,CDC,CAL.,MUO) and a combined R- 

PHI view of VTX+TRD-fCDC detectors and tracks, as well as LEGO plots. Tami Kramer worked 

as a FSU programmer on prototypes of the event display program with S. Hagopian from May, 1986
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until May, 1987, when she was hired by D0 group at Northern Illinois University as an Assistant 

Research Scientist. Guadalupe Rosas, a FSU Computer Science student, has been working on the 

D0 display since May 1988. Also working on the D0 event display were Olivier Callot, SUNY,

J. Bantly, Northern Illinois University and Mike Peters, University of Hawaii. Current work is 

concentrated on a 3-D view of the detector. It will use standard DI3000 calls and so is nominally 

“device independent”, but is being initially optimized for the Evans and Sutherland terminal with 

3-D rotation hardware.

FSU contributed to the calorimeter hardware effort by machining parts for central calorimeter 

modules. In the period July 1985 - February 1989, FSU machined 2,400 spacers and 1,300 end plates 

and other parts. This corresponds to over 3,300 hours of machine shop time on our numerically 

controlled milling machine. A part-time student was hired to work on this to assist the FSU funded 

machinist.

FSU built two sets of uranium plate quality control templates which were designed to measure 

and check the dimensions and notches of the uranium plates, as well as a computerized uranium 

thickness measuring table, which uses ultrasound probes. The thickness measuring unit was shipped 

to BNL in August, 1987. The templates are now being used by MSG' in Oak Ridge and Brookhaven 

National Laboratory. It was used there until January, 1988 when it was sent to LBL, where it is 

being used to measure both uranium plates and read-out boards.

Both H. Wahl and H. Piekarz are working on the new D0 test beam setup, which is to be 

implemented for the next fixed target run. Planning for this has been going on for a long time, but 

was pursued with lower priority during of the 1987-1988 fixed target running period. H. Piekarz 

has organized weekly planning meetings for the new test beam facility and is now in charge of 

the construction and installation of the transporter and the loading system. The new transporter 

arrived at NWA in early March, 1989. The complete system is expected to be operational by late 

1989. The next Fermilab D0 testbeam run is scheduled to begin in January, 1990. H. Wahl and 

two graduate students spent the summer of 1988 at Fermilab, participating in the planning of the 

new test beam setup, the testing of calorimeter modules, and the analysis of the previous test beam 

results. H. Wahl gave a report on the D0 test beam results at the pp Workshop at Fermilab in 

June, 1988. H. Wahl and two FSU graduate students are spending the summer of 1989 at Fermilab 

helping test end cap modules in a special cryostat and assisting in calorimeter module installation 

tests in D0 hall.

The FSU DO group is especially interested in the physics accompanying direct photon produc­
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tion, which can be used in tests of QCD and as a signal for new physics such as supersymmetric 

particle production. (See review paper by J. Owens, Rev. Mod. Phys. 59, 465,1987). The FSU ex­

perimental group has expertise in the building and calibration of electromagnetic calorimeters and 

in the Monte Carlo simulation and analysis of electromagnetic showers. Direct photon production 

will be the thesis topic of one of our graduate students, D. Wilkinson. The first collider run for D0 

is scheduled to begin in January, 1991.

2. CERN LEP - ALEPH

The past year has seen the final preparations of the ALEPH detector for the scheduled data 

taking this coming summer and fall. In this effort the FSU HEP Group has been involved in the 

mechanical installation of the Hadron Calorimeter (Heal), the development of the online data acqui­

sition software, the offline reconstruction and Monte Carlo simulations, and the offline interactive 

computing analysis system. In the upcoming year, we anticipate a “check out” run in late summer, 

the first data run in the fall, and a second run next spring.

Being based at FSU, it is clear that the group’s effort should concentrate on software and 

computer related topics. In particular, our experience with supercomputers suggested an emphasis 

on optimizing ALEPH’s use of the Cray and ETA supercomputers to which the collaboration has 

access. The first part of this was to get the suite of ALEPH (and CERN) software running on these 

machines. This was first done on the ETA-10 at FSU, thereby enabling us also to understand the 

32 bit to 64 bit changes required for the Cray. For example, the memory manager BOS implicitly 

assumes a 32 bit architecture throughout, and an identical internal machine representation of real, 

integer and machine zero, which are not valid assumptions on ETA and Cray machines.

One of the essential ingredients to understand the quality of reconstruction and analysis software 

is a good three dimensional display of the detector and the event by event data. This allows 

immediate detection of errors by simply viewing simulations and their reconstruction. J. Streets 

has written a display program for the Silicon Graphics Iris 3020 workstation, accessible to us at FSU. 

It is written using the native Silicon Graphics display calls. As these are similar to the imminently 

available PHIG’s graphics standard, we will have with a little modification, a graphics package that 

will be transportable to all high end graphics workstations. As Dr. Streets is leaving FSU to take 

a position at FNAL, we will seek a replacement to finish this task. With the upcoming run, we 

would like the new post doc to be resident at CERN for the next year or so.

Having established a working software environment, we then turned to rewriting the most time 

consuming part of the ALEPH offline software for vector pipeline computer architecture.
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As ALEPH’s primary tracking device is a TPC, the pattern recognition is not a major difficulty 

in regards to required computing capacity. In fact the data reconstruction will be done as part of 

the online system. The largest computing requirement will be due to the need for simulation. This 

is the area in which most of the group’s efforts have been focused.

In e+e_ interactions the underlying physical processes are well understood and can be simulated 

with great precision, considerably more reliably than in hadronic processes. Given the statistical 

significance of the anticipated LEP data sample, with many physical parameters measured with 

statistical accuracies of 10-3, physics results will be limited by systematic errors. The minimization 

and determination of these systematic uncertainties will rely almost entirely on the precision of the 

experimental simulation.

The detailed simulation of the TPC (TPCSIM) has been the most time consuming part of 

the detector simulation. This code followed the individual electrons liberated in the gas, tracked 

them to the TPC end plates, determined the individual electron responses and then summed the 

responses. This procedure was able to reproduce the data from the TPC prototype with remarkable 

precision. As the TPC is intrinsically an analog device this detail is necessary for understanding 

the overlap and merging of the ionization from multiple tracks (particularly for K° and A0). There 

is an inherent long vector in the problem being the list of liberated electrons. By vectorizing the 

calculation over this list the simulation time per Z° decay event was reduced from 30 minutes 

on a VAX 11/780 to 15 seconds on a single processor of the Cray XMP/48 at CERN. At this 

speed ALEPH can consider having large data samples (> 100K events) with the full simulation. 

We have already generated 10K events on the ETA-10 and the “data” is being used to study the 

reconstruction with what had been an unreachable data sample.

To understand our data to the maximum extent, ALEPH needs a second independent simulation 

and one which is fast enough to generate hundreds of thousands of events overnight. This will be a 

particularly important part of tuning the fragmentation simulation of the event generators in order 

to get correct fragmentation functions and correctly simulated physics.

Over the past two years several fast simulations have been developed, always improving the 

level of precision. In the summer of 1988 the FSU and Wisconsin groups jointly undertook the task 

of writing a very fast simulation which could generate input for the reconstruction program. This 

would enable the simulated data sample to have all the biases introduced by the reconstruction 

directly, rather than trying to introduce these biases by guessed parameterizations. The division of 

labor was that the Wisconsin group would write the particle tracking up to the calorimeter surface
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by modifying a previous fast simulation, adding many improvements (including interactions in the 

detectors) and FSU would write a vectorized calorimetry code based on the techniques developed 

for the E711 simulation. At the current time the tracking code is finished and the calorimetry is 

undergoing its final polishing. Pieces of the calorimeter code (the electromagnetic shower part) have 

been moved onto the Cray with speed up factors of seven attained. Based on the current timing’s we 

expect this code to be twice as fast as the reconstruction program when both are run on the Cray 

(the intended target machine) with the total taking approximately 1.5 seconds/event/processor. 

Both of these simulation codes (TPCSIM and PASCAL) have been described at computing summer 

schools and conferences.

As the FSU group was the first in ALEPH to explore the use of workstations for physics analysis 

we were given responsibility for the ALEPH workstation system at CERN. Over the past year the 

system has been designed and a large number of the components purchased and installed at CERN. 

The system will be a collection of VAX clusters connected by ethernet and LAN bridges to isolate 

the ethernet traffic. The collaboration requested that we supply the system manager so the post 

doc slated for the online work was moved to run the system. FSU has contributed to this common 

analysis system 2 VS3500 boot nodes, 2 file servers (VS 3200) and 3 disk drives (1 GB CDC Saber 

1230). This equipment was bought with NSF funding. The preliminary tests and optimization of 

the I/O capabilities of all the devices have been conducted by FSU personnel (J.H. Goldman, D. 

Levinthal) as well as the bandwidth of network access to the CERN central IBM system.

The number of people in residence will rise rapidly with the upcoming run this summer, par­

ticularly M. Ikeda and the replacement of J. Streets who will be running the VAX clusters and 

D. Levinthal who will be on sabbatical at CERN next year. The two people that have been there 

have been involved in the development of the online data acquisition software (L. Sawyer) and the 

installation of the Hadron Calorimeter (W. Burley). We could not afford to pay the travel expenses 

for W. Burley. However, the Italian groups, responsible for the HCAL, were very grateful for this 

assistance and covered the lacking travel funds while NSF paid the base salary. This arrangement 

had an enormous impact on the timely completion and installation of a working system.

The online software in ALEPH is extremely complex due to the large number of readout channels 

and their associated microprocessors. The monitoring of these devices and logging of their operation 

is critical to insure high data quality. FSU has been involved with the online system group for several 

years, supplying equipment and effort. L. Sawyer has written the electronic logbook and the data 

base interface for identifying non-functioning components of the system. The logbook will also be
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used in the offline workstation environment to provide each physicist with an automated record for 

analysis, comments and data plots.

With the commissioning of LEP we enter a new phase of our involvement in ALEPH. Our 

efforts will be focused on the extraction of results from the collected data. We intend to migrate 

this concentration to reflect the statistical significance of the increasing data sample.

The first data run this fall is expected to collect between 50K and 250K events. With this data 

sample we will participate in the work on the Z° line shape (mass and width), the couplings to the 

upper and lower components of hadronic isospin doublets (lepton spectrum), forward backward 

asymmetries of hadronic events, and measurement of the fragmentation process.

As the FSU group is geographically isolated from the rest of the ALEPH collaboration, the 

subjects we work on and the division of labor must deal with the difficulty of travel and the intensity 

of the competition between the four LEP experiments. The optimization of the line shape study 

is something we have worked on over the last several years and we will continue this work through 

the people who will be in residence at CERN. Similarly, the coupling constant work will likely be 

done at CERN, given the high interest and basic nature of these measurements. The hadronic 

asymmetry and fragmentation studies are coupled and require a much more delicate understanding 

of the complicated hadronization process. The asymmetry depends on the ability to determine the 

quark charge from the charges of the observed hadrons, and that the summed asymmetry of the five 

quark flavors is non-zero. The quark charge tagging can be checked at some level by making two 

measurements per event and looking at the ratio of opposite to same charges for two jets events, 

but the reliability and optimization of the tagging method will rely heavily on the simulation.

One of the main reasons for writing the fast simulation is to be able to optimize the parameters 

of the hadronization process in the generating Monte Carlo. We expect to continue in this effort 

as data materializes and the tuning of the generators proceeds to ensure that it correctly describes 

our data. This fast simulation will allow us to quickly arrive at an optimized generator so that the 

fully detailed simulation can be run in production with some assurance that the input is correct.

This procedure will also lead to an extremely high statistics determination of the fragmentation 

functions at the highest value of Q2 to date. We hope to be able to see the Q2 violations of the 

fragmentation functions (Altarelli-Parisi, Owens, Utematsu) at large z (z>.8) by comparing the 

LEP data with the PEP data at lower energy. To date a direct verification of the scaling violations 

in fragmentation (visible at large z so as to be distinct from mass effects) has been unreachable (as 

opposed to structure functions where they are well established).
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In the second run planned for early 1990 the anticipated event sample should rise to over 

106Z°. In addition ALEPH will have installed its silicon strip micro vertex detector. We expect 

to use this data sample to study the b-quark system. The size of the data sample will allow 
accurate determination of the mixing matrix parameters and B0B° mixing. We will continue our 

fragmentation studies with work on the b-quark fragmentation measurement. The large data sample 

and vertex detection will allow a unique insight into both the electroweak and hadronic physics of 

heavy quarks.
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C. Completed Fixed Target Experiments

We discuss only the experiments where our contribution was substantial.

1. 7r+p and 7p Interactions Using the SLAC Hybrid Bubble Chamber Facility

Data were obtained in the late 1970’s and early 1980’s. The analysis of these data yielded many 

interesting physics results. During the past five years several papers were published which are listed 

below.

a. Study of the ^(IGOO) Mass Region Using 7p —> 7r+7r_p at 20 GeV/c. The p^lOOO) was produced 

in this experiment and its properties were investigated. Phys. Rev. Lett. 53, 751 (1984).

b. Triggered Bubble Chamber Study of the Reaction 7r+p —> A++7r07r° at 16 GeV/c. The neutral 

7r07r° has no p (770) contamination and the s-wave was calculated. The contribution of the 

s-wave is substantial. Phys. Rev. Dl, 32, 1061 (1985).

c. Inclusive Photoproduction of Strange Baryons at 20 GeV. Copious amounts of strange baryons 

were produced and studied. Phys. Rev. Dl 32, 2869 (1985).

d. Test of s-Channel Helicity Conservation in inelastic p° Diffraction in 20 GeV Photoproduction. 

Phys. Rev. Dl 32, 2288 (1985).

e. p and u> Production in 7r+p Interactions at 15.7 GeV/c. p and w interference was studied in 

this experiment. Phys. Rev. Dl 36, 1961 (1987).

2. K p and pp —> K+X Interactions Using the BNL Multi-Particle Spectrometer.

This experiment was our first MPS experiment, for which we built a detector. Most of the 

data reduction and analysis of the part of the data that used the K+ detector was done at FSU. 

The two papers published in this five year period were:

a. Search for Narrow States with Baryon Number Zero and Strangeness -1 in pp —» K+X~. We 

searched unsuccessfully for narrow states. These states are similar to baryonia, i.e. they could 

be four quark states. Phys. Rev. Dl 30, 1409 (1984).

b. Measurement of Decay Parameters and Polarization in Inclusive Cascade Production from K~p 

Interactions. The polarization and decay parameters were determined from a very large sample 

of cascade events. Nuc. Phys. B252, 561 (1985).

28



3. E580 A Study of K0K0,AA,K0K°mr,AAmr and K°A (A ) titt Production in tt p 

Interaction at 200 GeV/c

This “double-vee” search for resonances was approved in 1978 and ran in early 1980. For reasons 

out of our control, we received only one-tenth of our approved integrated beam intensity and that 

was at a lower energy (200 GeV instead of 300 GeV). However, even at the much lower level of 

statistics available, much interesting physics has been gleaned from the data and eight publications 

have resulted.

This experiment was performed in collaboration with physicists at Fermilab and the universities 

of Arizona, Notre Dame, Tufts, Vanderbilt, and Virginia Tech. A member of our group was the 

spokesman. The trigger for the experiment was (1) a definite number (0,l,2,...n) of charged tracks 

leaving the target and (2) the appearance downstream of four additional tracks, from the decays 

of the two V’s. We recorded 1.45 x 106 raw triggers. Data reduction through kinematics were 

completed and data summary tapes (DST’s) were distributed to all collaborators.

Eight papers have been published from this experiment’s data out of which five were in this 

five year reporting period. In addition, six ten-minute talks have been given on these data. Topics 

included, inclusive cross sections and momentum distributions for single V and double V production 

and comparisons to QCD counting rules. Baryon production and decay into strange particle final 

states was also studied. Three students, J. Piper from F.S.U., S. Mikocki from V.P.I., and R. Joyner 

from Notre Dame, have received Ph.D.’s from this experiment.

E-580 has officially ended. It has been a productive experiment in terms of bread-and-butter 

physics, but could have produced much more significant results, especially on charm production, if 

it had received the requested luminosity instead of 1/10 the amount.

The papers published in this reporting period are:

a. K*± (892) Production in Tr~N Interactions at 200 GeV. Phys. Lett. 152B, 428 (1985).

b. Forward Kg Kg Production in 200 GeV t:~N Interactions. Phys. Rev. Dl 30, 877 (1985).

c. Baryon Production and Decay Into Strange Particle Final States in 200 GeV Tr~N Interactions.

Phys. Rev. Dl, 30, 872 (1984).

d. Inclusive Strange Particle Production in Single-Vee Events in 200 GeV tt~N Interactions. Phys.

Rev. Dl 34, 42 (1986).

e. Diffractive Productions of 7r-7r-7r‘*' by 200 GeV 7r_iV Interactions. Phys. Rev. Dl, 39, 1865 

(1989).
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4. E557/672 - High Transverse Momentum Jets

E557/672 is an experiment to study “jets” using wide angle calorimeter triggers. Data was 

taken in 1984 with the following triggers: dimuons, global, single particle, high multiplicity and 

collimated beam jet. Targets used include Be, Al, Cu, Pb and liquid hydrogen. Some minimum 

bias (interacting beam trigger) data were taken for cross-section normalization and low py physics. 

Over 2 x 106 triggers were recorded. Our contribution to this experiment was during setting up, 

data taking and reduction. Two students from Indiana University have received Ph.D.’s from this 

experiment. Analysis done on the measurement of the A-dependence of high-Ey events and jet 

production, has resulted in a Phys. Rev. article. Theoretical predictions for the A dependence for 

hard scattering give a near 1, since it should be proportional to the number of constituents within 

the nucleus. Corrections due to the structure of the nucleus, Fermi motion and jet rescattering 

increased the predicted value to 1.1 or 1.2. This experiment is the most direct measurement of the 

A dependence of a hard-scattering cross section at that time. The value of a for the production of 

jetlike events approached 1.1 ± 0.1 for the E557 data, in agreement with these predictions.

Paper Published:

Measurement of the Nuclear Enhancement in high-E< and Jet Event Production, Phys. Rev. 

Dl 35, 2736 (1987).

5. E623 - A Study of 4><j>, <j)K+K~, , (f)K±,K*,K*l{* and <f>K*

Final States in 400 GeV/c pN Interactions

<f><f> spectroscopy is a good way to search for high mass states, since the experimental backgrounds 

are reduced due to the narrowness of the <f> state, and the uncorrelated production of the (j><f>'s in 

hadronic interactions is inhibited by the O.Z.I. rule. Also, of course, 4>(f) states must have 1 = 0.

A test was done in April 1981, consisting of 20,000 triggers of the type pN —► K+K~K+K~X 

where X had a forward charge multiplicity of less than 6. A trigger processor selected low mass 

(in the bend plane) K+ K~ pairs and was extensively debugged during this test run. For the four- 

week data run in May-June 1982, modifications were made to the Fast Trigger Processor which 

improved the trigger purity by an order of magnitude. We upgraded the hardware rate capabilities 

by replacing the spark chambers with drift chambers. With these upgrades, the average flux that 

could be handled was increased to 3 x 106 / spill, a factor of 5 improvement over the test run.

We collected 3 x 10^ <j><l> triggers (4 x 106 total triggers, adding in the <f)KK,(f> and monitor 

triggers). After the completion of the data collection, it was decided to write a completely new
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pattern recognition (track reconstruction) program for the VAX computer (now called “FLOW­

ERS”, written by Harvey Goldman at Florida State University). The “FLOWERS” program was 

checked on Monte Carlo generated events (where multiple coulomb scattering, measured chamber 

inefficiencies and resolutions, etc., were taken into account) and found to be efficient (90% probabil­

ity of reconstructing a track whose momentum is < 25 GeV/c) and measured good mass resolution 

(FWHM of the <j> being ~ 8 MeV/c2). The data was processed on VAX-11/780 computers avail­

able to the collaboration at FSU, Tufts and Vanderbilt (50% at FSU and 25% each at Tufts and 

Vanderbilt). All of the post-pattern recognition processing, to be described next, was performed on 

the VAX-11/780 at FSU.

The final phase of the data-reducing process was to identify the track as tt’s, K’s, or protons 

(where possible) using the information from the 30-cell Cerenkov counter downstream of the bending 

magnet (tt threshold at 5.7 GeV/c and threshold at 21 GeV/c. The data reduction was 

completed and data summary tapes distributed to collaborators by March 1984.

The data sample contains 18,000 single <f> events, 1,200 <f>K+K— events, and 300 <j)<f> events. 

At FSU we have concentrated our efforts on studying the and <j>KK channels while Tufts and 

FNAL are concentrating on the </>7r, </>7T7r, etc. events. Virginia Tech is concentrating on the <f>Kir 
final state, and Vanderbilt University is concentrating on K+, K* ,K*K*, etc.

We have published four papers on this experiment, all during the past five years. In addition, 

talks have been presented at the 1985 Spring APS meeting (BF-6: Study of the Reaction pN —» 
K*K°irX at 400 GeV/c) and at the XVI International Symposium on Multiparticle Dynamics, 

Kiryat Anavim, Israel, June 1985 (Recent results on <f><f>, <j>KK, and </>7r7r from 400 GeV/c pN 

interactions). Four graduate students received their Ph.D.’s from work on this experiment (one 

from FSU). The first paper published described the observation of the Cabibbo suppressed decay 

—> (j)^ (Physics Letters 152B, 428 (March 1985). Chris Georgiopoulos presently at FSU 

(SCRI) wrote his Ph.D. dissertation on this topic and graduated from Tufts in 1985.

Forest Davenport received his Ph.D. degree from FSU, writing his dissertation on the study of 

the 4><j) final state. He obtained a value of 0.84 ± 0.27 pb for the total inclusive <f><j) cross section at 

400 GeV/c. He also obtained a 99.7% upper limit on the cross section (r{pN —> r)c + -V) < Z.lbpb. 

This is about a factor of four higher than the prediction from the gluon fusion model of Einhorn 

and Ellis using the gluon distribution functions of Duke and Owens. Nevertheless, this is the closest 

that data has come to the predicted cross section curve. A paper was published (Phys. Rev. D 33, 

2519, (May 1986)) summarizing his results.
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In both the <j>K+K~ and the <^7r+7r- final states, a narrow resonance is observed at 2.14 GeV/c. 

The relative branching ratio is unusually large: B(M —► <f>K+ K~)/B(M —* 4>n+Tr~) = 0.49 ± 0.16. 

This leads to the suspicion that we may be seeing a “glueball” state rather than an ordinary qq 

meson. A paper has been published (Phys. Rev. Letters 56, 1639 (April 1986)) reporting these 

results.

In the state we observed K°* (2060) decays. Across section times branching ratio of

400 ± 100 nb was measured. Sergio Torres has received his Ph.D. from Virginia Tech, writing his 

dissertation on the study of this final state. We have published a paper describing these results 

(Phys. Rev. D, 34 707 (Aug. 1986). '
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D. Miscellaneous Projects

1. GEANT on Vector Computer

The FSU HEP and SCRI (Supercomputer Computations Research Institute) groups have for 

the past several years been jointly working on several projects to make use of vector supercomputers 

(e.g. the ETA-10 at FSU and the CRAY XMP 48 at CERN) for experimental HEP analysis. This 

joint project has been extremely successful and will certainly continue for the forseeable future.

The FNAL E711 data has been analysed using the CYBER 205 and ETA 10 supercomputers 

at FSU. The processing program makes use of vector algorithms described in several published 

papers we have published (Nulc. Inst and Methods A 249, 451 (Sept 1986), Nucl. Inst, and 

Methods A 261, 493 (1987), Asilomar Conference on High Energy Computing, Computer Physics 

Communications (1987)) to reconstruct and then fit the charged particle trajectories through the 

E711 drift chamber spectrometer. Without the speed of the vector algorithm on the supercomputers 

(over 200 events reconstructed in the time that a VAX-11/780 could reconstruct one event) we 

would never have been able to process all of the 500 raw data tapes (corresponding to about 3 x 

107 triggers).

Work has also been progressing on vectorizing Monte Carlo programs for use on diverse super­

computers. A very fast vectorized Monte Carlo calorimeter shower algorithm was written for E711, 

to allow us to calculate the experimental acceptances versus various parameters, fiducial volume 

cuts, etc.. This developmental work has been carried over to the Monte Carlo shower generation 

for the LEP ALEPH experiment where it is now being employed on the CRAY XMP 48 computer 

at CERN as well as on the FSU supercomputers.

Work has also been progressing on vectorizing the CERN GEANT Monte Carlo program, with 

speed-ups ranging from a factor of three to a factor of ten depending upon the physics interaction 

being studied. The CERN DD division is committed to support the vectorized version of this code. 

During February of this year, 10,000 full blown GEANT Monte Carlo events were generated for the 

LEP ALEPH experiment on the FSU ETA-10 and delivered to CERN. This represents and order 

of magnitude improvement over what had been done up until that time.

The SCRI High Energy Physicists organized a three day school at FSU on Vectorization for 

Experimental High Energy Physics (June 1988). This meeting was attended by approximately sixty 

physicists. David Levinthal gave one of the talks, describing the successes with vectorization for 

the analysis of Fermilab experiment 711.
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2. COMPUTING, NETWORKING and VAX UPGRADE

The High Energy Physics group has a dedicated VAX-11/780 which was ordered in 1980 and 

delivered in 1981. In 1985, with the help of SCRI, the disk units were upgraded from 380 megabytes 

to 1400 megabytes and the CPU memory was also doubled. This computer today serves as the boot 

node for a 10 node Local Area VAX Cluster (LAVC). The cluster satellite nodes (seven VAXstation 

2000’s, one VAXstation 3200, and one MicroVAX II) provide additional CPU power, but at this 

point we have saturated the capacities of both the boot node (VAX 11/780) to run the cluster and 

the CPU power in the entire cluster. With the two collider experiments (ALEPH at CERN and 

DO at Fermilab) coming on line, with ALEPH taking data this fall, our needs for computing power 

and disk storage will increase dramatically. The computational needs of the theory group have also 

risen rapidly as they use the system to simulate collider experiments (both present and future) as 

well as perform phenomenological calculations.

At the end of 1988, U.S. DOE and Florida State University agreed to contribute $ 150,000 

each to upgrade our aging VAX 11/780. (The DOE share is funded over three years, starting in 

1989). After evaluating various systems, including the VAX 6000 series, it was decided to purchase 

a cluster system that will have the CPU power of about 60 VAX 11/780’s and over 12 GByte of 

disk space. To overcome the problem of saturated networking, 11 VAX 3200 were ordered each to 

have its own 1 GByte disk. In addition, we have ordered 8 PVAXes for individual use and the Dual 

VAX 3400 as the boot node. Below we will compare the various computers:

I. Comparison of various VAX computers (I/O speeds are in Megabytes/sec, and CPU speeds are

relative to the VAX-11/780):
Computer CPU BUS BUS speed controller speeds Disk I/O’s

speed disk Ethernet per second
VAX-11/780 1 UNIBUS 1.4 0.34 0.11 25
VAX 3100 3 SCSI 0.4
VAX 3200 3 Q-BUS 3.3 0.80 0.20 30
VAX 3400 2.5 Q-BUS 3.3 0.80 0.20 30

DSSI 4.0 0.20 30

II. The present system consists of the following components:

1) One (1) VAX 11/780 with 1400 MByte of disk

2) Six (6) VAX 2000 Interactive Workstations, 1 for Task B.

3) One (1) VAX 3200 Purchased by non-DOE funds by D. Levinthal

4) One (1) MicroVAX II
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III. Proposed new LAVC configuration:

a) dual VAX 3400 (dual boot nodes for LAVC)
b) 11 VAX 3200 (Batch Engine for I/O intensive jobs)
c) 8 VAX 3100 (interactive workstations)
d) 5 VAX 2000 (interactive workstations)
e) 2 VAX 2000 (interactive workstations, task B)
f) 1 VAX 3100 (interactive workstations, Physics Dept.)
g) 12 SABRE disks (12.7 gigabytes) (data base disks)

a) Dual boot nodes, each has two 400 megabyte disks, a “system” disk and a “Products” disk 

(CERN library DI-3000, etc). Each disk has its own controller, thus doubling disk I/O 

bandwidth.

b) Batch engine, with “data base” 1 GByte disks (2 to 4 gigabytes per CPU eventually). One 

of the VAX 3200’s will have the “user” disk (an extra 1 gigabyte CDC SABRE disk).

c) User 3 Mips Workstations, each has a local 105 megabyte disk.

d) User 1 Mips Workstations, each has a local 70 megabyte disk.

g) Each 1.06 GB disk to be installed on a VAX 3200.

IV. Details of the VAX 3400:

a) the Ethernet controller sits on the 13 MB/sec (same speed as BI-BUS) CVAX memory bus.

b) the two “system” disk controllers sit on the 4 MB/sec DSSI Bus.

c) Other peripherals sit on the 3.3 MB/sec Q-BUS

V. Advantages of the new system:

a) The CPU power driving the “system” -(- “products” + “user” disks is 8 Mips, 8 times better 

than the present VAX-11/780 based system.

b) The I/O rate to “system” -f “products” + “user” disk is 90 I/O requests per second. This 

is 3.6 times better than the present system limit of 25.

c) The I/O rate to “system” + “products” + “user” disk through Ethernet is 240 I/O re­

quests/sec, 5.3 times better than the present limitation of 45 I/O’s /sec. In most cases this 

is not an issue, since the bottleneck is still (b)

d) Jobs accessing local disks can transfer data at 0.8 MBytes/sec/disk. Jobs running on the 

CPU’s with “data base” disks (the VAX 3200’s) could each read or write each of the 1
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GByte disks simultaneously in about 20 minutes (I/O time only). By reading two disks 

simultaneously, the I/O rate can be raised to 1.1 MBytes/sec/CPU.

V. Examples of LAVC use:

a) A collider experiment can expect to run for 10^ sec/year and collect data at the rate of one 

event per second. Running at 50% efficiency yields 0.5 x 107 events/year. After reconstruc­

tion and some filtering (e.g. to remove obvious beam-gas interactions) one expects a data 

base of about 0.25 x 107 events. The goal is to go through this data base at the rate of 50 

events/sec/CPU, then it would take 7 CPU hours to analyse. Using 10 CPU’s in parallel one 

could analyse the entire data base in about 45 minutes (real time). What about the I/O? 

The event size can be expected to be of order 2000 bytes, so the data base is 5 gigabytes. 

Put onto 10 one gigabyte disks, each accessed at 0.8 MB/sec, the data base can be read in 

about 10 min. The event data base files can be constructed so that each physical record is of 

order 30000 bytes (we did that for E-711), then 0.8 MB/sec is also 27 I/O requests/sec, near 

the limit that the individual disks can provide (but 50 events/sec is only about 105 bytes, 

so there will be no real strain on the I/O capabilities of the local disks).

b) Further filtering on the data base in example (a) (trigger selection, event topology, the 

presence of electrons, muons, etc.) might reduce the data base by another factor of five. By 

placing the data base onto all the local disks, 50 MB/disk, and run parallel batch jobs on 

20 CPU’s, at the analysis rate of 50 events/sec/CPU, one goes through the entire data base 

in under 10 minutes. An I/O rate near 0.8 MB/sec would require only about 1.5 minutes to 

read the data base. Since typically these types of jobs are run many times, it is important 

that they run as fast as possible in real time.

c) Monte Carlo jobs are very common these days, in both the experimental and theoretical 

groups. Monte Carlo jobs basically require a large infinite amount of CPU, so presumably 

the more CPU power you have the better you can do. The HEP LAVC isn’t meant to be 

competitive with doing calculations on a supercomputer. Nevertheless it is important to 

note that a 60 Mips cluster represents (roughly, these numbers never translate in precisely 

defined terms) over 10 MegaFLOPS, which is quite respectable, even by today’s standards.
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VI. Other Computing and Networking

In addition to the VAX Cluster, the group has a MicroVAX II and a Macintosh (the latter 

funded by FSU) dedicated to on-line data gathering by CAMAC crates. We have acquired, over 

the years, key CAMAC units and use these systems for detector development and prototyping.

The campus has several computers that are also used by the high energy physics group. 

The campus computers are CDC CYBER 850, ETA CYBER 205 and ETA 10. We used the 

supercomputers for data reduction of FNAL E711 experiment and Monte Carlo generation of events 

for the E711 experiment. We are also using the supercomputers for GEANT Monte Carlo to simulate 

both CERN LEP ALEPH and FNAL DO experiments. The campus computers are also used by the 

theorists to perform unique computations, such as those using SCHOONSCHIP.

Two years ago, worldwide networking was achieved through the efforts of SCRI and that now 

connects us to FERMILAB via a 56 Kbaud optical fiber line and then to CERN. The connection 

between Fermilab and CERN was paid for by FSU-SCRI. The connection to HEPNET has been 

crucial for our program development of DO and ALEPH experiments.

3. SSC Preparation, Detector Development and Detector Construction

In the past the detector development concentrated for the fixed target experiments at Fermi­

lab and BNL. Now that data taking of those experiments is over, our efforts concentrate in building 

FNAL D0 collider parts (over 3500 parts built) and in developing and prototyping unique parts for 

collider detectors with the future emphasis being on the SSC calorimetry. Over the years we have 

collected specialized tools and electronics that is now our detector development and prototyping 

laboratory. We now have a modest amount of hardware for the design, prototyping and testing of 

various equipment. The hardware includes:

1. MicroVAX II with CAMAC interface and software

2. Macintosh II with CAMAC interface and software

3. CAMAC crate with about ten CAMAC boards, including ADC, TDC, scalers, etc

4. Two NIM crates and about 15 NIM units, including discriminators, coincidence units, scalers,

etc.

5. Lecroy high voltage power supply.

6. High speed oscilloscope.
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7. Spectrophotometer.

8. Phototubes, bases, shields, some scintillators, etc.

9. CAD/CAM system for PC board layout.

We have a clean room where some of our development work takes place. The detector 

development program has enabled us, not only to build parts for experiments, but also train graduate 

students in fast electronics. In the past we constructed a uranium thickness measuring machine 

that uses ultrasonic waves to measure the thickness. This unit, that is driven by an IBM PC, is 

now at LBL measuring the uranium plates for the FNAL DO calorimeter. During the past we also 

completed the design of the front-end electronics preamplifiers for the E711 drift chambers that 

has high gain and stability. Our machine shop has one numerical control milling machine and a 

second one on order to be delivered in October 1989. We have a CAD/CAM system that loads the 

program to the numerical control milling machine directly. This unit was used extensively to build 

the D0 parts.

During the past five years, the high energy physics group has expended considerable effort 

in support of the SSC. This effort has been quite diverse, from phenomenological calculations, to 

participation of workshops, political support, detector development, preparing a State of Florida 

proposal, etc. During the past five years several papers were written and some published in various 

proceedings. In March 1989, several members of our group participated in the second Workshop of 

SSC Calorimetry, and contributed to the design of the liquid argon, very small scintillator pad type 

and Zeus type scintillator/uranium calorimeter workgroups. Our group also started research efforts 

on the radiation damage of plastic scintillators and FITCAL, the small scintillator pad calorimeter 

modules.

Another continuing effort is the construction of a high pressure 16 plane drift chamber that 

will measure cosmic rays to an accuracy of 15 microns. This high resolution drift chamber will also 

give our new students the experience of working with high speed electronics and complex detectors. 

Details of these efforts are described below.

a. Fiber Tower Calorimeter (FITCAL)

The aim of this project is the design and construction of a prototype for an electromagnetic 

calorimeter which could serve as the first section of a total absorption calorimeter for the SSC. 

The absorber material is lead (or a suitable alloy), scintillator is used as the sensitive medium,
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and wavelength-shifting fibers serve to bring the signal out to a photodetector (e.g. a multi-anode 

photomultiplier). This is an attempt to combine the attractive features of the spaghetti-calorimeter 

with those of a conventional scintillator sandwich calorimeter with read-out by wavelength shifting 

bars.

Very good hermeticity is achievable by using the absorber as mechanical support for the 

scintillator and the fibers. A compact block (~ 8 x 8 x 30 cm^) of absorber is made with fine slots 

containing small (~ 1 x 1 cm2) tiles of scintillator and fine (diameter ~ 1.5 mm) holes along the 

length of the block. The light is collected by fibers (e.g. polystyrene, doped with wavelength shifter), 

which are embedded in the long holes and which go through holes in the center of the scintillator 

tiles. The relative amounts of lead and scintillator (volume ratio lead: scintillator ~ 4 : 1) are 

chosen such as to give compensation, i.e. equal response for electromagnetic and hadronic showers. 

A proposal submitted to DOE-SSC was funded.

FSU has taken responsibility for the mechanical design and construction and the calibration 

system; the University of Florida group will supply the scintillators and fibers, and the Oak Ridge 

group will do response calculations.

Since approval and funding of the proposal, we have spent appreciable effort on identifying 

a lead alloy which satisfies the requirements of high lead content, good mechanical strength, and 

suitability for the manufacturing process envisaged, and we have tried to find a manufacturing 

method which lends itself to mass production. The original idea had been to cast the blocks, with 

slots for scintillator tiles and holes for the fibers. After unsuccessful attempts to do this ourselves in 

our shop, we tried to find companies experienced in lead casting that would be interested in studying 

the feasibility. It turned out that casting such an object is very difficult, due to the smallness of 

the slots and holes and the stringent requirements on mechanical tolerances. Therefore we devised 

a method whereby the block is subdivided in layers, which are then assembled into a block, held 

together by pegs (dowels), also made of the same alloy. This appears to be a viable technique, and 

so far one company has expressed interest in manufacturing the layers and assembling them to a 

block. The technique used for making the layers is “fine blanking”, which allows high precision, 

very good reproducibility, and fast (and therefore low cost) production. The drawback is the high 

tooling cost (~ 30 k$ for every species of layer). This is acceptable if the number of different species 

of pieces is small, but the cost becomes prohibitive if (as required for projective geometry) every 

layer were different. Therefore we continue our attempts to find appropriate expertise in industry.

In order to allow construction of the prototype, we are now machining the layers in our shop,
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and are developing a fixture for assembly. Machining these parts on a milling machine is clearly not 

the techniqrie that one would choose for a large scale detector, but we are reluctant to spend money 

on tooling for a prototype before the other problems are better understood (e.g. light-coupling, 

light yield, uniformity,..).

In parallel with mechanical studies, we are also thinking about ways to calibrate and monitor 

this device; one possible ingredient would be to have a sheet of scintillator covering the entrance 

face of the calorimeter, with the fibers optically coupled to this sheet. Exciting scintillation light 

in this scintillator with, e.g., a movable X-ray source would allow one to measure and monitor the 

fiber-to-fiber variations.

b. Detector Development; Radiation Damage

The Florida State University/University of Florida collaboration for the study of radiation 

damage to plastic scintillator began in November 1988 has met with substantial success. We have 

demonstrated the utility of our high intensity 3 MeV electron accelerator for systematic radia­

tion damage inquiries, studied the effects of composition and temperature on radiation hardness 

and found a highly radiation resistant 3-hydroxyflavone (3-HF) doped polystyrene fiber. We have 

submitted a paper to Nuclear Instruments and Methods, which details measurements on a plastic 

scintillating fiber that is radiation resistant to 10 megarads (the first such known plastic scintilla­

tor). We have also, presented our results to the Workshop on Calorimetry for the Superconducting 

Super Collider at Tuscaloosa, Alabama (March 13 - 17, 1989).

Our highest priority is to continue and expand the scintillating fiber investigation. We 

would like to find the upper limit of radiation resistance of the 3-HF fiber and test other possible 

candidates for radiation resistance such as SCSN81-f-Y7 as well as “conventional ” fibers like SCSN38 

and BCF-10.

Next is an investigation into the limits of conventional plastic scintillator using bulk (1 cm. 

thick) scintillator. The purpose is to find methods of reducing damage, accelerating recovery and 

raising the final level of recovery. We wish to clarify the role of gas environment and temperature 

since there are contradictory reports in the literature. We intend to irradiate SCSN38, SCSN81 

(polystyrene based) and BC408 (PVT based) in Argon, Oo and air environments.

There is some question as to whether irradiation by neutrons produces the same kind or 

amount of damage as electromagnetic irradiation. To address this question we intend to expose
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samples to an intense neutron flux, perhaps at Brookhaven National Laboratory, typical of what 

we expect in an SSC detector, and measure the damage, rate of recovery, etc.

Another measure for the equivalence of damage done by heavy particles such as neutrons and 

photons is the number of scissions or polymer chain breaks per rad. We are planning to irradiate 

various portions of a bar of polystyrene which has very uniform chain length to different doses and 

subsequently measure the breakage as a function of dose or neutron fluence.

c. High Pressure Chamber

To explore an options in high resolution tracking, we have undertaken the construction of a 

cosmic ray tracking system to assist in the development of position sensitive devices. The cosmic 

ray telescope will consist of two stacks of 24 planes of 1 ft 2 drift chambers with a capability to 

run these chambers at up to 4 atmospheres of gas pressure. This will theoretically produce a track 

resolution of 15/jm at the point where a test device would be introduced (between the two stacks).

' The printed circuit board has been cut and etched and half of the aluminum cores fabricated.

The high pressure gas boxes are designed and fabrication has commenced. Since the material is 

almost entirely surplus, the net cost to date has been ~ $5,000. The electronics and cables have 

been acquired through bartering.

Since his return from CERN, W. Burley has taken charge of the construction and we antic­

ipate the completion of the mechanical assembly by August. The plane wiring will be done under 

D. Levinthal’s supervision upon his return from CERN next year. The immediate use of the device 

will be to study gas mixtures for vertex tracking systems with an eye toward use at the SSC.
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V. Particle Theory Program

In this section the activities over the last five years of the high energy theory component 

of Task A will be reviewed. This has been a period of change for us as the creation of the 

Supercomputer Computations Research Institute made possible new techniques and areas 

of investigation. As a result of changing research interests, the makeup of the group has 

changed somewhat over this same period. At the beginning of the five year review period the 

theory group consisted of three tenured or tenure earning faculty members (Duke, Kimel, and 

Owens), one visiting professor (Devoto), and two students (Bergmann and Black). Shortly 

thereafter, Devoto returned to Italy to accept a permanent university position there and we 

added a Research Associate (Axelrod) to the group. With the creation of SCRI in 1984, Duke 

became the Associate Director for Research and shifted his research interests to numerical 

simulations. Simultaneously, Kimel began a collaboration with Y. L. Wang, a condensed 

matter theorist in the Physics Department. They have been simulating various spin models 

on the FSU supercomputers. In 1986 a second Research Associate position was created in 

order to partially rebuild our strength in the area of collider physics. This position was filled 

by K. Whisnant, who specializes in electroweak phenomenology. He subsequently took a 

faculty position at Iowa State in 1988. This Research Associate position is currently filled 

by J. Ohnemus, who has been with us since March, 1988. Also, in 1987 we upgraded the 

original Research Associate position to a Research Scientist position which is now held by H. 

Baer. This year our two graduate students (Bergmann and Black) received their Ph. D.’s.

After all of the above changes, the theory group currently consists of one tenured pro­

fessor (Owens), one Research Scientist (Baer), and one Research Associate (Ohnemus), all 

working in the area of collider physics and one tenured professor (Kimel) working on con­

densed matter model simulations. In addition, three first-year graduate students will be 

starting to work with us this summer.

At this point it would be appropriate to review some of the highlights of the group’s recent 

research accomplishments. During the four year period 1984-1988, members of the group 

published thirty-five high energy physics papers, nine papers on numerical simulations of 

various spin systems, and contributed to the editing of the proceedings of two conferences. 

During the 1988-1989 progress report period, members of the group have published six
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papers, have fifteen in press, and have submitted four more. A summary of the topics 

covered is given below, organized by year. The relevant publication citations are given in the 

Task A publication list, and selected abstracts are included there, as well. For the 1988-1989 

reporting period a somewhat more detailed summary of the projects completed or still in 

progress is presented.

1984- 1985

• Nine papers in high energy phenomenology and one in numerical simulations published.

• Q2-Dependent parametrizations of pion and nucleon parton distributions. These have 

served as standards of the field for comparisons with data for large momentum transfer 

processes. (Duke, Owens)

• Participation in the 1984 Snowmass SSC summer study with contributions to various 

working groups concerned with hard scattering and structure functions. (Owens)

• A calculation of the fourth order non-singlet longitudinal structure function in QCD. 

(Duke, Kimel)

• Review articles on determinations of as and tables of integrals for Feynman diagrams. 

(Duke, Devoto)

• A study of renormalization flow of SU(3) lattice gauge actions. (Duke)

1985- 1986

• Six papers in high energy phenomenology and two in numerical simulations published.

• Conference presentations reviewing the determination of parton-parton scattering an­

gular distributions and the status of photon structure function measurements and calcula­

tions. (Owens)
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• A study of dinucleon decay and of the degenerate state formalism applied to deep 

inelastic scattering. (Axelrod)

• A study of extra gauge bosons and fermions expected in E& superstring theories. 

(Whisnant)

• Numerical simulations of finite-size scaling for the three-dimensional Ising model and 

of fractals and interpolating dimensions. (Duke)

• Participation in the organization of a lattice gauge theory conference and the editing 

of the proceedings. (Duke, Owens)

1986-1987

• Nine papers in high energy phenomenology and four in numerical simulations published.

• A review article on large momentum transfer production of direct photons, jets, and 

particles. (Owens)

• Further studies of topics in E§ superstring theories. (Whisnant)

• Studies of solar neutrino oscillations, charmless B decays, and a source for monojet 

events. (Whisnant)

• Numerical simulations of the three-dimesional Ising model, the two-dimensional Blume- 

Capel model, and the partition functions of the Z(2) and Z(8) lattice gauge theories in four 

dimensions. (Duke, Kimel)

1987-1988

• Eleven papers in high energy phenomenology and two in numerical simulations pub­

lished.

• Continued studies of the phenomenology Eq superstring theories. (Whisnant)

• Studies of vector boson production in supersymmetric QCD and possible supersym­

metric effects in QED. (Axelrod)
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• A study of top-quark signatures at the Tevatron. (Baer)

• A study of two-photon backgrounds for the intermediate mass Higgs boson. (Baer, 

Owens)

• Numerical studies of the three-dimensional Ising model and the spin-1 Blume-Emery- 

Griffiths model. (Kimel)

• Participation in the organization of a lattice Higgs conference and the editing of the 

proceedings. (Owens)

1088-1080

We now turn to a detailed description of the various projects which members of the group 

have worked on during the past year. As in previous years, the work falls into three main 

categories: phenomenology of hard scattering processes including higher order calculations, 

phenomenology of the standard model and other theories with specific applications to collider 

physics, and numerical simulations of various spin models and gauge theories. The past year 

has been a fruitful one, with six papers published, fifteen in press, and four submitted. In 

addition, two students received their Ph. D. degrees this semester. Three first year students 

will begin working with the group this summer.

One of the limitations concerning detailed tests of QCD in hard scattering processes 

has been the fact that leading-logarithm calculations have large uncertainties in their over­

all normalization due to the fact that the renormalization and factorization scales are not 

specified in such calculations. In the kinematic regions accessible to experiment, sub-leading 

terms can have a significant impact on the theoretical predictions. For this reason, calcu­

lations performed in the next-to-leading-logarithm approximation are needed. Conventional 

analytic calculations have been performed for a number of single particle or single jet ob­

servables. However, it is not always possible to tailor these to conform to the needs of the 

experimentalists as regards various cuts, jet definitions, etc. Therefore, we have sought a 

method which would have a greater degree of flexibility as to the inclusion of such effects and 

which could easily be applied to new observables. Our solution is based on performing the 

required phase space integrals using a mixture of analytic and Monte Carlo techniques. The 

regions of phase space containing soft and/or collinear divergences are separated off using
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theoretical soft and collinear cutoffs. The integrations in these regions are performed using 

dimensional regularization in n-dimensional phase space. The integrations in these regions 

are done analytically. Monte Carlo techniques are used for the remainder of the phase space. 

For scattering subprocesses involving final states with two or three partons, one ends up 

with a “two pass” Monte Carlo integration program. Both the two-body and three-body 

contributions depend on the theoretical cutoffs used to separate the regions containing the 

divergent contributions. However, at the histogramming stage the cutoff dependences cancel 

when a suitable inclusive observable is calculated. This approach is very flexible and one can 

quickly modify the program to accommodate various cuts, jet definitions, or new types of ob­

servables. One particular strength of this approach is that one can easily perform correlation 

calculations involving two jets or particles, an area which has not been studied previously 

using next-to-leading-order calculations. We have applied this technique to a study of jet 

photoproduction processes which should be measured by E-683 during the 1990 fixed tar­

get running period at Fermilab. The technique has also been applied to the production of 

massive dihadron pairs proceeding via non-singlet fragmentation. We are in the process of 

writing programs to apply the method to the study of direct photon production and photon- 

jet correlations. Two papers have been written to date and their titles and abstracts are 

given below as items 1 and 2.

Also in the area of high-py phenomenology, a joint analysis of direct photon production 

and deep-inelastic lepton-nucleon scattering using next-to-leading-logarithm expressions, has 

recently been completed. The main result is that it is possible to simultaneoulsy describe 

both types of data using a common gluon description. More information concerning the 

gluon distribution is obtained than if either data type alone were to be used. The abstract 

is included below as item 3.

With the ep machine, HERA, it will become possible to study photoproduction processes 

at center-of-mass energies in the range of several hundred GeV. As part of our program for 

studying processes involving real photons, we have investigated the production of two- and 

three-jet final states at HERA. This work is in press and the abstract is listed below as item

4.

Many of the papers written this year involve testing the standard model or its extensions 

at hadron or lepton colliders. Signature for fourth-generation quarks are discussed in item
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5, while the production and detection of top quarks are discussed in items 5, 9, 11, and 12. 

Heavy vector boson production is discussed in items 6 and 7. Supersymmetry phenomenology 

has also been an active area with work reported in items 10, 13, 14, and 15.

Members of the group have participated in a number of workshops, conferences, and 

schools. Recent developments in the measurement of parton distributions are described in 

item 16 and some aspects of the higher order calculation work are presented in item 17. 

Three lectures on applications of QCD to hard scattering processes are described in item 

18. Contributions to the Snowmass working group on new particles discussed in items 19 

and 21, while items 20 and 22 report work on the top and fourth-generation quarks and 

supersymmetry.

Two theory students received their Ph.D. degrees this semester. The work of L. Bergmann 

on a next-to-leading-logarithm calculation is discussed in item 2, while the lattice gauge study 

of S. Black is discussed in item 23.

Recent work on simulating the three-dimensional antiferromagnetic Blume-Capel model 

by Kimel and Wang is discussed in item 24.

1. A next-to-leading-logarithm calculation of jet photoproduction, by H. Baer, J. Ohnemus,

and J. F. Owens, submitted to Phys. Rev. D.

A Monte Carlo program containing both leading-logarithm and next-to-leading- 

logarithm contributions has been developed and used to study the photoproduction 

of large-transverse-momentum hadronic jets. Predictions are presented and discussed 

for a variety of observables including single jet invariant cross sections, dijet cross 

sections, and angular distributions. For some observables the inclusion of the next- 

to-leading-logarithm terms dramatically lessens the dependency on the choice of the 

renormalization and factorization scales entering the calculation, thereby increasing 

the precision of the predictions. The flexibility of the Monte Carlo technique allows 

predictions for additional observables to be generated easily.

2. Next-to-leading-logarithm QCD calculation of symmetric dihadron production,

L. J. Bergmann and J. F. Owens, submitted to Phys. Rev. D.
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A technique is presented for using a Monte Carlo method to perform phase space in­

tegrations used in calculating the next-to-leading-logarithm QCD contribution to 

symmetric dihadron production. This method is shown to be relatively simple, 

straightforward, and sufficiently flexible so as to be applicable to a broad range 

of next-to-leading-logarithm calculations.

3. The gluon content of the nucleon probed with real and virtual photons, P. Aurenche, 

R. Baier, M. Fontannaz, J. F. Owens, and M. Werlen, Phys. Rev. D, in press.

A common fit is performed to lepton-hadron deep-inelastic-scattering and large-py 

direct photon cross sections, using complete beyind leading logarithm QCD expres­

sions. For direct photon cross sections, theoretical uncertainties coming from the 

renormalization and factorization schemes are removed by applying the principal of 

minimal sensitivity. We find that the direct photon data, especially from the recent 

fixed target expeiments, strongly constrain the gluon distribution function, whereas 

the deep-inelastic data determine the quark distribution functions and constrain the 

value of Ajjj^. Our analysis is a successful test of perturbative QCD which provides 

a coherent and quantitative description of two very different reactions.

4. Expectations for two- and three-jet events at HERA, by H. Baer, J. Ohnemus, and

J. F. Owens, Z. Phys. C, in press.

We calculate cross-sections for two- and three-jet events in e~p collisions at \/s =

314 GeV. We include contributions from point-like photon interactions, as well as 

contributions from when the photon is resolved into constituent quarks and gluons.

It is shown that measurements of the angular distribution of the dijet system in two- 

jet events as a function of the dijet mass will assist in the separation of these two 

components. Aside from being a direct test of QCD photoproduction subprocesses, 

measurement of these events will yield information on the hadronic structure of the 

photon.

5. Signatures for fourth-generation quarks and a heavy top quark at the Superconducting 

Super Collider, by H. Baer, V. Barger, H. Goldberg, and J. Ohnemus, Phys. Rev. D38, 

3467 (1988).
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We examine methods for detection of new heavy quarks at the Superconducting 

Super Collider where the heavy quark could be either one of a fourth generation 

of quarks (a,n)> or a very massive (~ 150 GeV) top quark. The signals can be 

classified according to number of leptons in the final state. Requiring the presence 

of a single fast isolated lepton along with > 4 jets and fo allows one to separate the 

a,n, or t signal from backgrounds. Heavy-quark pairs are produced with sufficient 

hemispheric separation to allow the direction of one of the quarks to be tagged by 

the transverse momentum of the isolated high-p^ lepton. A distinct enhancement 

is then observed at the heavy-quark mass in the cluster mass spectrum of all jets 

moving opposite to the lepton. A fourth-generation quark should also be visible in 

the two isolated lepton channel, and its mass resolvable. Additional signals from 

multilepton events would then also be present, though these channels may not yield 

a heavy-quark mass determination.

6. Spin correlation effects in the hadroproductibn and decay of very heavy top quark pairs, 

by V. Barger, J. Ohnemus, and R. J. N. Phillips, Int. J. Mod. Phys. A4, 617 (1989).

Density matrix techniques in the helicity basis allow us to write down explicitly 

the squared matrix elements for tree-level hadroproduction and weak decay of very 

heavy top quark pairs, that decay before hadronization. This treatment includes the 

full effects of quark spin correlation. We illustrate the effects of spin correlation on 

physical distributions in pp dilepton events, pp —► tiX, t —+ b£v, t —► bii>, for the case 

mt = 120 GeV at y/s = 2 TeV, the energy of the Tevatron collider. The effects of 

spin correlation are quantitatively small compared to calculations that ignore them, 

giving corrections of order 10% or less in the physical distributions studied.

7. Large pj, weak boson production at the Tevatron, by V. Barger, T. Han, J. Ohnemus, 

and D. Zeppenfeld, Phys. Rev. Lett. 62, 1971 (1989).

Perturbative QCD calculations of the processes pp —+ + n jets (n = 1,2,3)

with IV —> tv and Z —► ee decays are presented for comparison with forthcoming 

Tevatron data at y/s = 1.8 TeV. The W, Z -f 2-jet results are compared with the 

corresponding pp —+ WW,WZ, and ZZ electroweak cross sections.
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8. Hadronic VT-decays at HERA, H. Baer, J. Ohnemus, and D. Zeppenfeld, Z. Phys. C, in 

press.

ep collisions at HERA will produce real W’s with a cross section of almost 1 pb. We 

discuss to what extent the hadronic decays of these W’s will be visible above the 

QCD background. Using optimal cuts to enhance the hadronic W signal, a clear W 

peak should be visible after several years of running at HERA.

9. WW Signatures From Top Quarks at the Tevatron, H. Baer, V. Barger, and 

R. J. N. Phillips, Phys. Rev. D, in press.

We examine signals from top quarks if mt ~ In this case ti events resemble

W-pair events and at the Tevatron collider one ought to see lepton plus 2 jet events 

and dilepton events above background.

10. Dileptons From Chargino and Stop Production at the Tevatron, H. Baer, V. Barger, 

R. J. N. Phillips, and X. Tata, Phys. Lett. B, in press.

Isolated dilepton events are taken to be a sure signal for top, but many other new 

physics processes can also yield dileptons. We compare dilepton signals from ti with 

dileptons from two supersymmety mechanisms, fourth generation leptons and W-pair 

production.

11. Top Quark Detection via W+n Jet Measurements, H. Baer, V. Barger, R J. N. .Phillips, 

Phys. Lett. B, in press.

The first place one might find evidence for top quarks is in inclusive “W” events. Top 

quarks may show up in the Mp(e,u) distribution, or via enhancements in expected 

rates for W-fn-jet events compared to total W events, or via enhancement in expected 

W+n-jet events to Z-fn-jet events.

12. Search for Top Quark Decays to Real W Bosons at the Tevatron Collider, H. Baer, 

V. Barger, and R. J. N. Phillips, Phys. Rev. D, in press.
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We look for optimal cuts to elicit top quark signal from background when mt > My^.

We find that the Tevatron collider can probe up to mt ~ 180 GeV in the one-lepton 

channel, and throughout the entire theoretical range of mt < 200 GeV in the dilepton 
channel, after 100 pb-1 of data has been collected. We show ways to measure the 

t-quark mass.

13. Searching for supersymmetry at e+e~ supercolliders, A. Bartl, H. Baer, D. Karatas,

W. Majerotto, and X. Tata, Int. J. Mod. Phys. A, in press

We calculate production cross-sections for all sfermions and gauginos at e+e- col­

liders with TeV energy. Decay schemes for such heavy sparticles are vastly different 

from those considered in previous calculations. We compute the cascade decays avail­

able to sleptons and sneutrinos, as well as gauginos, and discuss signatures for very 

heavy supersymmetric particles produced at e+e~ supercolliders.

14. Effect of Cascade Decays on the Tevatron Gluino and Squark Mass Bounds, H. Baer,

X. Tata, and J. Woodside, submitted to Phys. Rev. Lett.

Squarks and gluinos are predicted by supergravity models to decay through a cascade 

of gauginos. The effect of the cascade lowers quoted CDF mass limits by 3-30 GeV 

for the gluino and typically 10 GeV for the squark.

15. Gluino Cascade Decay Signatures at the Tevatron Collider, H. Baer, X. Tata, and

J. Woodside, submitted to Phys. Rev. D.

Squark and gluino cascade decays yield new signatures for supersymmetry. These 

include 5-jet+missing py events (which allow the highest value of gluino mass to 

be probed), single lepton signatures, and isolated dileptons. In particular, isolated 

same sign dileptons provide a clean SUSY signature with virtually no standard model 

background.

16. Some recent developments in the determination of parton distributions, J. F. Owens, 

proceedings of the St. Croix Advanced Research Workshop on QCD Hard Hadronic 

Processes.
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Recent data relevant for determining parton distributions are discussed. Particular 

attention is paid to the question of how to improve our knowledge of the gluon 

distribution. The role of photon-jet and photon-hadron correlation data is discussed 

in conjunction with a new technique for performing next-to-leading order two-particle 

inclusive calculations.

17. Higher order calculations for hard hadronic processes, J. F. Owens, proceedings of the 

1988 DPF Conference, U. Conn., Storrs, Connecticut.

In order to improve the precision of predictions for hard scattering processes, it is 

necessary to go beyond the leading-logarithm approximation. A technique has been 

developed for performing such calculations using Monte Carlo integration techniques.

The method is easily tailored to different observables and experimental situations.

18. Applications of QCD to hard hadronic processes, J. F. Owens, proceedings of the Third 

Lake Louise Winter Institute.

In these lectures I review the formalism used to obtain perturbative predictions for 

hard hadronic processes using quantum chromodynamics. In the process of reviewing 

the various types of calculations, I point out the major sources of theoretical uncer­

tainty and what steps are being taken to improve the precision of the predictions.

19. Searching for 100-300 GeV Gluinos at the Tevatron and SSC, H. Baer, X. Tata, and

J. Woodside), to be published in proceedings of Snowmass ’88.

Report of work done at Snowmass 1988. We began work on an event generator 

incorporating complete cascade decays of gluinos. We also looked at the missing 

energy signal from associated gluino-photino production at the SSC.

20. The Search for Very Heavy Top and the Fourth Generation, H. Baer, to be published in 

Proceedings of the Beyond the Standard Model Conference, Ames, Iowa (1988).

This paper is a report of recent work on top quark and fourth generation quark 

signals at the Tevatron and SSC.
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21. New Particle Signals at the SSC and at an Upgraded Tevatron Collider, H. Baer, with 

R.M. Barnett et. al., to be published in the proceedings of Snowmass ’88.

This report provides an overview of all work done in the New Particles group at 

Snowmass.

22. Supersymmetry at Current Hadron Colliders, H. Baer, to be published in Proceedings 

of Moriond Meeting on Hadronic Interactions-1989.

This paper is a review of signals expected from supersymmetric particles at proton- 

antiproton colliders. Squark and gluino pair production, and vector boson decay to 

gauginos are covered.

23. Stochastic implementation of improved actions for gauge theories on a lattice, S. Black, 

Ph.D. Dissertation.

We investigate the use of a random or stochastic process to perform the Monte 

Carlo simulations of improved actions for pure SU(2) gauge theory formulated on a 

lattice. The improved actions studied are extensions of Wilson’s simple plaquette 

action to include six-link plaquettes. The stochastic or “noisy” method involves 

computing additional terms in the action such that they have the correct values 

on the average. We devise two schemes for achieving this and compare them to 

the Metropolis method, where the additional terms are computed exactly. We find 

that the noisy methods produce independent configurations more rapidly than the 

Metropolis method. The greatest improvement is found to be by roughly a factor 

of two. The results, however, are sensitive to the values of the coefficients of the 

additional terms in the action. Our study indicates that for more complex actions a 

noisy method will be sufficiently superior to an exact method such as the Metropolis 

algorithm. This means that current lattice sizes and computer resources can be used 

to measure observables much closer to the continuum limit.

53



24. Three-dimensional antiferromagnetic Blume-Capel model, J. D. Kimel and Y. L. Wang.

We have investigated, using Monte Carlo simulations on the FSU Cyber 205 super­

computer, the three-dimensional antiferromagnetic Blume-Capel model. The main 

new result is the discovery of a fourth-order phase transition, suggested by the mean- 

field approximation but until now not verified by a realistic simulation. Considerable 

effort has been spent locating the fourth-order critical point the determining the crit­

ical indices. A paper describing these results is in preparation.

Ongoing and Proposed Projects

1. Continued study of hard scattering processes involving photons.

Our program to study processes involving real photons is continuing and has produced 

some interesting and useful results in the last year. During the forthcoming year, members of 

the group will continue to work with the E-683 collaboration at Fermilab with respect to their 

fixed target experiment to measure jet photoproduction using calorimetric techniques similar 

to those used in E-609 with a hadron beam. The construction of a similar next-to-leading- 

logarithm program for studying direct photon production by hadronic beams is progressing 

well and a preliminary version is now running and undergoing tests. Our intention is to 

use this program to study both the direct photon invariant cross section as well as photon- 

jet correlation observables. Such photon-jet data already exist from the AFS collaboration 

at the ISR. The basic idea is twofold - one needs to work with next-to-leading-logarithm 

expressions in order to reduce the uncertainties due to the factorization and renormalization 

scale choices and the use of joint photon-jet observables allows one to have greater control 

of the underlying hard-scattering kinematics, thereby increasing the amount of information 

extracted from the data. Our intention is to further refine the knowledge concerning the 

nucleon gluon distribution by utilizing these additional observables. In addition, new data 

should be forthcoming from fixed target experiments at Fermilab (E-705 and 706) which have 

the capability of measuring photon-jet or photon-hadron correlations. CDF is also producing 

data on direct photon production which should compliment the fixed target results as the 

relevant x-range for the parton distributions shifts to smaller values as the energy is increased
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at fixed transverse momentum. On a somewhat longer timescale, DO will also produce data 

on direct photon production. This process is expected to be the dissertation topic for one of 

the graduate students in our experimental group.

In a related area, we expect to continue refining parton distributions extracted from 

deep-inelastic scattering data. Presently, the situation is somewhat confused as the two 

experiments with the highest statistics disagree with each other as to the shape and nor­

malization of the structure functions. As new data become available they will be included 

in our data base and incorporated into our fits. This has been an ongoing project since the 

Duke-Owens Set 1 and Set 2 distributions were published in 1984. Joint analyses of direct 

photon and deep-inelastic scattering data have already yielded interesting results (see item 3 

above) and we shall continue to pursue this approach. Further refinement of our knowledge 

of parton distributions will have an impact on extrapolations used for SSC predictions, as 

well as certain types of data available from the Tevatron colliding beam experiments. Note 

that at ■^/s = 1.8 TeV and py = 9 GeV, the relevant x range is in the vicinity of x = .01 

with Q2 = 100 GeV2, a region which has not been accesible to deep-inelastic experiments. 

In future years this type of analysis will be extended by data from HERA which can be 

expected to extend the available x and Q2 ranges.

2. Collider Physics.

With the increased data samples coming from both Fermilab and CERN, and with 

new facilities coming on line in the next several years, we can anticipate a continued need 

for and interest in calculations of various processes relating to the standard model and its 

extensions. For example, the search for the t-quark at hadron colliders relies on identifying 

unique signatures of the production and decay processes which will allow the presence of the 

t-quark to be identified amidst all of the other competing standard model reactions. Work 

in this particular area has been done here in the last year, and will continue.

Another area in which members of the group have been active is new particle searches, 

such as supersymmetric particles, additional gauge bosons, or fourth-generation quarks. 

Work in these areas will continue, driven to some extent by the results of the collider exper­

iments currently taking data. In short, we intend to maintain a high level of activity in the 

area of collider phenomenology.
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3. Numerical simulations of spin models.

J.D. Kimel, in collaboration with Physics Department materials science theorist Y.L. 

Wang, is investigating fourth-order phase transitions which may occur in certain antiferro­

magnetic materials under stress, with transverse field applied, with dilution, and in other 

physical systems. A mean-field approximation has found a fourth-order critical point in 

some models. Our recent work on the three-dimensional Blume-Capel model has verified the 

existence of the fourth-order critical point but with results which are quantitatively quite 

different from those of the mean-field approximation. We plan next to study the antifer­

romagnetic Blume-Emory-Griffiths model, which can be applied to many physical systems. 

One expects a fourth-order line to appear in the three-dimensional case, since a fourth-order 

point has been found in the antiferromagnetic Blume-Capel model. This study will be the 

final work of a series of simulations of Ising-like models.
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1988 - 1989 Publications 

(Task A)

Note: This publication period is only for 10 months (August 1, 1988 - May 31, 1988) due to the 

advanced submission date of the progress report for external review.

A. Papers Published .

1. Light Meson Spectroscopy, The D (1285) [/i(1285)] and E/iota ( 1420) [/i(1420), t] (1440)], 
A. Boehnlein, D. Boehnlein, J.H. Goldman, V. Hagopian, D. Reeves, et al., Proceedings of the 
Conference - Production and Decay of Light Mesons, Paris (1988), Ed P. Fleury, p. 74, World 
Scientific Press, Singapore (1989).

2. Partial Wave Analysis of the K+K°n~ System, A. Boehnlein, D. Boehnlein, J.H. Goldman, V. 
Hagopian, D. Reeves, et al., Phys. Rev. Lett. 61, 1557 (1988).

3. Partial Wave Analysis of the K+K°‘ir~ System Produced in the Reaction ir~p —► K+KGir~n 
AT 8 GeV/c, A . Boehnlein, D. Boehnlein, J.H. Goldman, V. Hagopian, D. Reeves, et al., 
Proceedings of the Third Conference on the Intersections Between Particle and Nuclear Physics, 
Maine 1988. Ed. G. Bunce, AIP Conference Proceedings 176, p. 759 (1989).

4. Preliminary Results of pp at 8 GeV/c. Proceedings of the BNL Workshop on Glueballs, Hybrids 
and Exotic Hadrons, Aug. 1988. Ed. S. Chung, AIP Conference Proceeding No. 185, p. 446 
(1989).

5. Mass Dependent Fits of the Partial Wave Analysis of the K'^K0,k~ System. Proceedings of 
the BNL Workshop on Glueballs, Hybrids and Exotic Hadrons, Aug. 1988. Ed. S. Chung, AIP 
Conference Proceeding No. 185, p. 363 (1989).

6. Diffractive Productions of 7r_7r_7r+ by 200 GeV/c tt- N Interactions, J.R. Albright, J.H. Gold­
man, S.L. Hagopian, J.E. Lannutti, et al., Phys. Rev. D 39, 1865 (1989).

7. Signatures for Fourth Generation Quarks and a Heavy Top-Quark at the SSC, H. Baer, J. 
Ohnemus, et al., Phys. Rev. D. 38, 3467 (1988).

8. Spin correlation effects in the hadroproduction and decay of very heavy top quark pairs, by
J. Ohnemus, et al, Int. J. Mod. Phys. A4, 617 (1989).

9. Large py Weak Boson Production at the Fermilab Tevatron, J. Ohnemus et al, Phys. Rev. 
Lett. 62, 1971 (1989).

10. Applications of QCD to Hard Hadronic Processes, J. F. Owens, Proceedings of the Third Lake 
Louise Institute, (1988) ed. by B. A. Campbell, A. N. Kamal, F. C. Khanna, and M. K. Sun- 
daresan World Scientific, Singapore, p. 1. (1989).

11. On the Model Dependence of the Chargino Mass Bound from the CERN Collider Data, H. Baer 
et al, Phys. Rev. D38, 1485 (1989).

12. Dileptons From Chargino and Stop Production at the Tevatron, H. Baer, V. Barger, R. J. N. 
Phillips, and X. Tata, Phys. Lett. B220, 303, (1989).

13. Higgs Boson Production via Z, W Bosons and Toponium in the Eg Superstring Model, K. Whis­
nant et al, Int. J. Mod. Phys. A3, 1907 (1988).
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B. Papers Accepted for Publication

1. Hadron and Electron Response of Uranium/Liquid Argon Calorimeter Modules for the D0 
Detector, S. Hagopian, S. Linn, H. Piekarz, H. Wahl, S. Youssef, et al, Nuclear Instruments and 
Methods.

2. Hadronic W-decays at HERA, H. Baer, J. Ohnemus, and D. Zeppenfeld, Z. Phys. C.
3. Expectations for two- and three-jet events at HERA, H. Baer, J. Ohnemus, and J. F. Owens, 

Z. Phys. C.
4. Signals for Supersymmetry at Current pp Colliders, H. Baer and X. Tata. Proceedings of the 

Moriond Conference on Hadronic Interactions, Les Arcs, France (1989).
5. WW Signatures From Top Quarks at the Tevatron, H. Baer, V. Barger, and R. J. N. Phillips, 

Phys. Rev. D.
6. Top Quark Detection via W+n Jet Measurements, H. Baer, V. Barger, and R. J. N. Phillips, 

Phys. Lett. B.

7. Search for Top Quark Decays to Real W Bosons at the Tevatron Collider, H. Baer, V. Barger, 
and R. J. N. Phillips, Phys. Rev. D.

8. The Gluon Content of the Nucleon Probed with real and Virtual Photons, P. Aurenche, R. Baier, 
M. Fontannaz, J. F. Owens, and M. Werlen, Phys. Rev. D.

9. Searching for Supersymmetry at e+e- Supercolliders, A. Bartl, H. Baer, D. Karatas, W. Ma­
jerotto, and X. Tata, Int. J. Mod. Phys. A.

10. Searching for 100-300 GeV Gluinos at the Tevatron and SSC, H. Baer, X. Tata, and J. Woodside, 
proceedings of the 1988 Snowmass summer study.

11. The Search for Very Heavy Top and the Fourth Generation, H. Baer, Proceedings of the Beyond 
the Standard Model Conference, Ames, Iowa (1988).

12. New Particle Signals at the SSC and at an Upgraded Tevatron Collider, H. Baer (with R.M. 
Barnett et. al.), proceedings of the 1988 Snowmass summer study.

13. Supersymmetry at Current Hadron Colliders, H. Baer, Proceedings of the Moriond Meeting on 
Hadronic Interactions-1989.

14. Some Recent Developments in the Determination of Parton Distributions, J. F. Owens, Pro­
ceedings of the St. Croix Advanced Research Workshop on QCD Hard Hadronic Processes, ed. 
by B. Cox (Plenum, New York, 1989), in press.

15. Higher Order Calculations for Hard Scattering Processes, J. F. Owens, proceedings of the 1988 
DPF Conference, U. Conn., Storrs, Connecticut.

C. Papers Submitted for Publication

1. Effect of Cascade Decays on the Tevatron Gluino and Squark Mass Bounds, H. Baer, X. Tata, 
and J. Woodside, submitted to Phys. Rev. Letters.

2. Gluino Cascade Decay Signatures at the Tevatron Collider, H. Baer, X. Tata, and J. Woodside, 
submitted to Phys. Rev. D.

3. A next-to-leading-logarithm calculation of jet photoproduction, by H. Baer, J. Ohnemus, and 
J. F. Owens, FSU-HEP-890301, submitted to Phys. Rev. D.

4. Next-to-Leading-Logarithm QCD Calculation of Symmetric Dihadron Production, L. J. 
Bergmann and J. F. Owens, submitted to Phys. Rev. D.
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5. Atomic Weight Dependence of the Production of Hadron Pairs from 800 GeV/c Protons on Nu­
clear Targets, K. Streets, G. Boca, C. Georgiopoulos, J.H. Goldman, S. Hagopian, V. Hagopian,
K.F. Johnson, D. Kaplan, D. Levinthal, F. Lopez, H.L. Sawyer, J. Streets, H. White, C. Young 
et al, submitted to Phys. Rev. Lett.

6. The Cross Section for Massive Hadron Pair Production by 800 GeV/c Protons on Nuclear 
Targets, D. Levinthal, K. Streets, G. Boca, J.H. Goldman, K.F. Johnson, H.L. Sawyer, J. 
Streets, H.B. White, et al, submitted to Phys. Rev. Lett.

7. Radiation Damage Studies in Plastic Scintillators with a 2.5 MeV Electron Accelerator, K.F. 
Johnson, V. Hagopian, J. Thomaston, H. Wahl et al, submitted to Nucl. Inst, and Methods.

D. Ph.D. Dissertations

1. Next-to-Leading-Log QCD Calculation of Symmetric Dihadron Production, L.J. Bergmann.
2. Stochastic Implementation of Improved Actions for Gauge Theories on a Lattice, S.C. Black.
3. K+K°Tr~ Production in K~p Interactions at 8 GeV/c, D.J. Boehnlein.

4. The Atomic Weight Dependence and Mass Cross Sections of Massive Hadron Pair Production 
in Proton-Nucleus Collisions at 800 GeV/c, K.R.T. Streets.
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Papers Published .

1987 - 1988 Publications 
(Task A)

1. Two-Photon Backgrounds for the Intermediate Mass Higgs Boson, H. Baer and J.F. Owens, 
Phys. Lett. B 205, 377 (1988).

2. Top-Quark Signatures at the Fermilab Tevatron Collider, H. Baer, et al., Phys. Rev. D 37, 
3152 (1988).

3. Use of Z Lepton Asymmetry to Determine Mixing Between Z Boson and Z’ Boson of Eq Super­
string Theory, K. Whisnant, et al, Phys. Rev. D 36, 979 (1987).

4. Heavy-Z-Boson Decays to Two Bosons in Eq Superstring Models, K. Whisnant, et ah, Phys. 
Rev. D 36, 3429 (1987).

5. Superstrings: A Group Report, K. Whisnant, et ah, Int. J. of Mod. Phys. A 2, 1097 (1987).
6. Gauge Boson Mass Shifts for Extended Higgs Sectors, S. R. Moore , K. Whisnant, and B.L. 

Young, Phys. Rev. D 37, 179 (1988).
7. Signatures for a New Supersymmetric Left-Right Gauge Model From Superstrings, K. Whisnant, 

et ah, Int. J. of Mod. Phys. A 2, 1199 (1987).
8. Discovery Limits of New Gauge Bosons of 5px(6)xU(l), K. Whisnant, et ah, Int. J. of Mod. 

Phys. A 2, 1327 (1987).
9. Production and Decays of Extra Gauge Bosons in a Left-Right Eq Superstring Model, K. 

Whisnant, et ah, Int. J. of Mod. Phys. A 3, 879 (1988).
10. Broken Supersymmetry and the Divergence of the Perturbation Series in QED, Alan Axelrod, 

Phys. Lett. B 196, 365 (1987)
11. Vector Boson Production in Supersymmetric QCD, A. Axelrod, Phys. Rev. D 36, 765 (1987)
12. Accurate Estimate of v for the Three Dimensional-Ising Model from a Numerical Measurement 

of its Partition Function. G. Bhanot, S. Black, etal., Phys. Rev. Lett. 59, 803 (1987).
13. Phase Diagrams of the Spin-1 Ising Blume-Emery-Griffiths Model: Monte Carlo Simulations,

Y.L. Wang, F. Lee and J.D. Kimel, Phys. Rev. B 36, 8945 (1987).

14. Partial Wave Analysis of K+Kstt~ Final State, Proceedings of the Second International Con­
ference on Hadron Spectroscopy, Tsukuba, Japan, 1987.

15. Rho and Omega Production in 7r+p Interactions at 15.7 GeV/c, P.M. Barlow, R.K. Clark, R.N. 
Diamond, V. Hagopian, J.E. Lannutti, C.M. Spencer, et ah, Phys. Rev. D 36, 1961 (1987).

16. A Vectorized Track Finding and Fitting Algorithm in Experimental High Energy Physics Using 
a Cyber-205, C.H. Georgiopoulos, J.H. Goldman, et ah, Nuclear Instruments and Methods in 
Physics Research A261, 493 (1987).

17. Experimental HEP Supercomputing at FSU, D. Levinthal, J.H. Goldman, et ah, Comp. Phys. 
Comm. 45,137 (1987).

18. The Use of SA/SD Methods in Z?0 Software Development, S . Hagopian, S. Linn, et ah, Comp. 
Phys. Comm. 45, 245 (1987).
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Papers Published .

1986 - 1987 Publications 
(Task A)

1. Large Momentum Transfer Production of Direct Photons, Jets, and Particles, J.F. Owens, Rev. 
Mod. Phys. 59, 465 (1987).

2. B-Meson Decays Without Charmed Particles in the Final State, Jun-chen Su, K. Whisnant and 
Bing-lin Young, Phys. Rev. D 34, 1376 (1986).

3. Model of New Scalar Bosons as the Source of One-Jet Events at the pp Collider, Ernest Ma and
K. Whisnant, Z. Phys. C 32, 85 (1986).

4. Level Crossings in Solar Neutrino Oscillations, V. Barger, R.J.N. Phillips and K. Whisnant, 
Phys. Rev. D 34, 980 (1986).

5. Neutral Meson-Antimeson Mixing for a Heavy Isosinglet Quark Constituent, V. Barger, R.J.N. 
Phillips and K. Whisnant, Phys. Rev. Lett. 57, 48 (1986).

6. Production, Decays and Forward-Backward Asymmetries of Extra Gauge Bosons in Eg, V. 
Barger, N.G. Deshpande, J.L. Rosner and K. Whisnant, Phys. Rev. D 35, 2893 (1987).

7. Neutrino Counting at e+e- Colliders and Eg Gauge Theory, V. Barger, N.G. Deshpande and
K. Whisnant, Phys. Rev. Lett. 57, 2109 (1986).

8. Phenomenology of Eg Electroweak Models with Two Extra Z Bosons, V. Barger, N.G. Desh­
pande and K. Whisnant, Phys. Rev. D 35, 1005 (1987).

9. Signature for Extra Gauge Bosons of Eg at the SSC: Their Production, Decays and Asymme­
tries, V. Barger, N.G. Deshpande, J.L. Rosner and K. Whisnant, Snowmass Summer Study on 
the Physics of the SSC, 1986.

10. A Fast Algorithm for the CYBER 205 to Simulate the 3D Ising Model, Cyan Bhanot, Dennis 
Duke and Roman Salvador, J. Stat. Phys., 44,985 (1986).

11. Monte Carlo Study of the Antiferromagnetic Two-Dimensional Blume-Capel Model ,J.D. Kimel,
S. Black, P. Carter, and Y.-L. Wang, Phys. Rev. B 35, 3347(1987).

12. A New Method for the Partition Function of Discrete Systems with Application to the 3D Ising 
Model, G. Bhanot, S. Black, P. Carter, and R. Salvador, Phys. Lett. B 183, 331 (1987).

13. The Partition Function of Z(2) and Z(8) Lattice Gauge Theory in Four Dimensions, A Novel 
approach to Simulations of Lattice Systems, G. Bhanot, K. Bitar, S. Black, P. Carter, and R. 
Salvador, Phys. Lett. 187B, 381 (1987).

14. Measurement of the Nuclear Enhancement in high-E< and Jet Event Production, S. Hagopian, 
et al, Phys. Rev. D, 35, 2736, (1987).

15. Effects of 8 Parameterization in KKir Dalitz Plot Analysis, Proceedings of the 1986 Hadronic 
Session of the XXI Rencontre de Moriond, Vol.2, Strong Interactions and Gauge Theories, ed. 
J. Tran Thanh Van, Editions Frontiers, Paris, D. Boehnlein, J.H. Goldman, V. Hagopian, et al, 
475, (1987).
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*1. Minimal Rcgge Model for Meson-Baryon Scattering: Duality, SU(3) and Phase Mod­ified Absorptive Cuts. D. W. Duke, S. E. Egli and N. W. Dean, Physical Review D9, 1365-1384 (1974). (This paper compares over 2,000 data points for high en­ergy hadronic scattering data to a model that includes the most important dynamical features of Regge theory.)
*2. Double Charge Exchange Reactions and Regge-Regge Cuts in a Dual Regge Model. D. W. Duke and N. W. Dean, Physical Review D10,1481-1485 (1974). (A comparison is made between exotic double charge exchange reaction data and the predictions of the model developed in publication 1.)
*3. Deep Inelastic eN and nN Scattering: A Unified Description via Dual Regge Poles and SU(3). D. W. Duke, Physical Review Dll, 43-48 (1975). (This paper extends the dual Regge model into the area of deep inelastic lepton-hadron scattering.)
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*17. Deep Inelastic Scattering and Asymptotic Freedom: A Detailed Analysis and Con­frontation. D. W. Duke and R. G. Roberts, Nuclear Physics B166, 243-283 (1980). (This paper describes in detail an extensive analysis of the world’s data on deep in­elastic lepton hadron scattering in terms of higher order corrections to asymptotically free gauge theories.)
*18. The Photon Structure Function as Calculated Using Perturbative Quantum Chromo­dynamics. D. W. Duke and J. F. Owens, Physical Review D22, 2280-2285, (1980). (Here we calculated the higher order corrections to the photon structure function, extending the previous calculations and giving the first detailed account of the pre­dictions of the theory for all x values.)
*19. Lepton Pair Production: Where the Drell-Yan Model Picture Breaks Down. D. W. Duke and M. J. Teper, Nuclear Physics B166, 84-92 (1980). (This paper explains a previously unnoticed kinematic limitation to the region of applicability of the Drell- Yan model for lepton pair production in hadronic interactions.)
*20. Charm Photoproduction with Linearly Polarized Photons. D. W. Duke and J. F. Owens, Physical Review Letters 44, 1173-1175 (1980). (This paper was the first to illustrate the presence of a large polarization effect in inclusive charm photoproduc­tion.)
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*21. Evidence for Higher Order Asymptotic Freedom Corrections to Deep Inelastic Scat­tering. D. W. Duke and R. G. Roberts, Physics Letters 94B, 417-421 (1980). (We described evidence based on new neutrino data from CERN for the importance of higher order corrections to asymptotic freedom.)
*22. Momentum Distributions for J/ifs Photoproduction. D. W. Duke and J. F. Owens, Physics Letters 96B, 184-188 (1980). (This paper presented the first calculations of the longitudinal and transverse momentum distributions for J/ij) photoproduction.)
*23. Quantum Chromodynamics Predictions for Deep Inelastic J/ip Production. D. W. Duke and J. F. Owens, Physical Review D23, 1671-1674 (1981). (This paper extends the results of the calculation presented in publication 22 to the case of deep inelastic scattering.)
*24. Linearly Polarized Photon Asymmetry Predictions for Inelastic J/ij) Production. D. W. Duke and J. F. Owens, Physical Review D24, 1403-1405 (1981). ( This paper compares the predictions of two models of J/ij) photoproduction and describes an experiment that can determine which, if either, of the models is correct.)
25. The Photon Structure Function in QCD. D. W. Duke, in Proceedings of the Z0 Work­shop, Cornell University (1981). (This is the written version of a review delivered at an international workshop at Cornell University.
26. A Fourth Order Calculation of the Longitudinal Structure Function in Deep InelasticScattering. D. W. Duke, J. D. Kimel and G. A. Sowell, in AIP Conference Proceedings 74, ed. D. W. Duke and J. F. Owens, (AIP, New York, 1981) p. 193-206. (This is the written version of a report describing a two-loop QCD calculation at an international conference held at Florida State University.) '
27. Inelastic J/i!> Photoproduction with Linearly Polarized Photons. D. W. Duke and 1.F. Owens, in AIP Conference Proceedings 74, ed. D. W. Duke and J. F. Owens, (AIP, New York, 1981) p. 416-419. (This is the written version of a talk presented at an international conference held at Florida State University, describing calculations of two models of J/iji photoproduction.)

*28. Information on the Gluon Distribution Inside Nucleons from Deep Inelastic Neutrino Scattering. D. W. Duke, J. F. Owens and R. G. Roberts, Nuclear Physics B195, 285­296 (1982). (This paper contains a critical analysis of the information available from neutrino deep inelastic scattering concerning the distribution of gluons in nucleons.)
*29. Fourth-Order QCD Corrections to the Longitudinal Coefficient Function in Deep In­elastic Scattering. D. W. Duke, J. D. Kimel and G. A. Sowell, Physical Review, D25, 71-83 (1982). (This paper contains the first calculation of the two loop perturbative QCD contribution to a deep inelastic structure function.)
*30. Application of the Principle of Minimal Sensitivity to Higher Order Processes in QCD.D. W. Duke and J. D. Kimel, Physical Review D25, 2960-2974 (1982). (This paper contains the first extensive analysis of the results of applying the PMS criterion to renormalization scheme sensitive quantities.)
*31. QCD Corrections to Deep Inelastic Compton Scattering. D. W. Duke and J. F. Owens, Physical Review D26, 1600-1609 (1982). ( This paper contains predictions for
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inclusive photon photoproduction both in the leading logarithm approximation and with the next to leading order terms retained.)
*32. A Direct Analysis of Scaling Violations in Large Q2 Deep Inelastic Neutrino and Muon Scattering. A. Devoto, D. W. Duke, J. F. Owens and R. G. Roberts, Physical Review D27, 508—522 (1983). (This paper contains a detailed comparison between existing high statistics data sets for deep inelastic scattering and predictions based on higher order perturbative QCD calculations.)
33. A Theoretical Review of the Photon Structure Function. D. W. Duke, in Proceedings of the 5th International Workshop on Photon Photon Interactions, ed. Ch. Berger , Springer-Verlag (1983), p. 251—269. (This paper is the written version of an invited review given at Aachen, describing the status of QCD with regard to the photon structure function.)
34. An Overview of the Photon Structure Function. D. W. Duke, in Proceedings of the XIV International Symposium on Multiparticle Dynamics, ed. P. Yager and J. Gunion (World Scientific, 1984), p.124-146. (This paper is the written version of an invited review given at Lake Tahoe, describing the status of QCD with respect to the photon structure function.)

*35. Q2 Dependent Parameterizations of Parton Distribution Functions. D. W. Duke andJ. F. Owens, Physical Review D30, 49-54 (1984). (This paper contains numerical parameterizations of the results obtained in publication 32.)
*36. A New Calculation of the Order g4 QCD Corrections to the Longitudinal Structure Function. A. Devoto, D. W. Duke, J. D. Kimel and G. A. Sowell, Physics Letters 138B, 418-420 (1984). (This paper gives the first results of a new calculation, completely independent of the results of publication 29, confirming our previous calculation.)
*37. Analytic Calculation of the Fourth Order Quantum Chromodynamic Contribution to the Non-Singlet Quark Longitudinal Structure Function. A. Devoto, D. W. Duke,J. D. Kimel and G. A. Sowell, Physical Review D3Q, 541-559 (1984). (This paper describes in detail our new calculation which confirms our earlier results and shows that the results published by another group, in disagreement with our earlier results, were incorrect.)
*38. Renormalization Flow of SU(3) Lattice Gauge Actions. K. M. Bitar, D. W. Duke and M. Jadid, Physical Review D31, 1470-1479 (1985). (This paper gives the first complete Migdal-Kadanoff analysis of SU(3) lattice gauge theory.)
*39. Table of Integrals and Formulae for Feynman Diagram Calculations. A. Devoto andD. W. Duke, La Rivista de Nuovo Cimento 7,1-39 (1985). (This paper collects several hundred integrals that occur frequently in Feynman diagram calculations.)
*40. Determinations of the QCD Strong Coupling aS and the Scale LQCD. D. W. Duke and R. G. Roberts, Physics Reports 120, 275—368 (1985). (Invited by the journal editor, this paper reviews the theoretical background and the phenomenological de­terminations of the strong coupling constant of quantum chromodynamics.)
*41. Fractals and Interpolating Dimensions, G. Bhanot, D. Duke & R. Salvador. Published in Physics Letters 165B, 355-360 (1985).
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*42. Finite Size Scaling in the 3-D Ising Model, G- Bhanot, D. Duke Sc R. Salvador. Pub­lished in Phys. Rev. B33, 7841 (1986).
*43. A Fast Algorithm for the CYBER 205 to Simulate the 3-D Ising Model, G. Bhanot, D. Duke Sc R. Salvador. Published in the Journal of Statistical Physics, 44, 985-1002 (1986).
44. Initial Benchmark Results from the ETA10 Supercomputer, D.W. Duke, J.D. Mc- Calpin, M. Ramamurthy Sc D. Sandee. Invited talk to be presented at Third Annual Workshop on Networking and Supercomputers, June 9-11,1987.
45. A Fast Vectorized Program for the CYBER 205 to Simulate the Ising Spin Glass in Three Dimensions, G. Bhanot, R. Salvador, D. Duke, & K.J.M. Moriarty. SCRI preprint FSU-SCRI-87-66.
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Software
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Physics letters B205, 377 (1988).
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5. I gave a set of three lectures on applications of QCD to large momentum transfer pro­cesses at the 1988 Labe Winter Institute (March 1988).
6. I gave a set of four lectures on applications of QCD to large momentum transfer processes at the Oak Ridge National Laboratory (October 1988).
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