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O TASK A - Progress Report

I. Project Abstra, ct

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

during the past year, and presents plans for continuing research during the next several years.

A. Experimental Program

During the last year the effort of the experimental group has been concentrated on the CERN,

ALEPH and FERMILAB DO collider experiments and completion of two fixed target 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 observed the following resonances:

0-+ [1280] with rr-,K- an(l F beams, 1++ [1.280] with rr- and F beams, 0 -+ [1420] with

rr-,K-,_beams, 0 -+ [1470] with rr-- and K-,_beams, 1+- [1415] with rr- and K- beams.

The Fernlilab fixed target experiment E711, di-ha(Iron production in pN interactions at. 800 GeV,

completed data reduction and t.he analysis. The atomic weight dependence, when parameterized as

ct(A) = (ro.4°, yielded a value of o: _-. 1.043 -2:0.011 -)_ .012 independent of the two particle mass

O (up to 14 GeV/c 2) and charge state. The cross section per nucleon and angular distributions was

also measured as a function of two particle mass and agrees very well with QCD calculations that

were fitted to ISFI and EMC data.

'17b.eDO Fermilab Collider Experiment E740 began its first, data taking run in April, 1992 af-

ter commissioning parts of the detector with cosmic rays (luring the past. year. The FSU group

has participated in many phases of D0, so far including rnachiifiIlg calorimeter pieces, assembling

calorimeter mo(lules, testing and calibrating calorimeter modules in a testbeam, writing and debug-

ging software for monte carlo event generation, developing software for trigger filtering and physics

analysis and graphics displays. Now we are taking shifts during the data runs. We have recently

taken on the responsibility of the TRD ol)era.tion with Sa.clay and are working on calibration and

monit, oring of l,he TRD detector.

We hope to reap exciting physics results from the current run, which should accumulate an

integrated luminosity of about 20 pb 1 The discovery of the top quark is the primary goal.

Studies of W and Z bosons will enable us to make a, precise test of the standard model. The first

W and Z candidates are already being analyzed. The FSU group is involved in direct, photon tests

O of Q(',D as well as se_trches for SI ISY particles. It, should be a.n exicting year for DO and FSU!
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The CERN collider experiment ALEPH at LEP is presently taking more data. Tile Z mass and

O width, the couplings to the upper and lower COnlponents of the hadronic isospin doublet, forward-

backward asymmetries of hadronic events, and measure,nents of the fragmentation process have

been made. FSII is in charge oi" the on-line VAXstation system for which we have contributed a

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

display the detector and individual events in three dimensions. The simulation of the detector is

a crucial component and we have coded large parts in vector mode to allow us t.o analyze large

quantities of Monte-(larlo eveuts. Substantial effort is being made in the analysis of these events.

The effort of detector development for the SSC has substantially increased with particular

emphasis on scintillators, both in fibers and plates. A close collaboration with industry has resulted

in new scintillators that are at least nn order of magnitude more radiation resistant than what

existed several years ago. Most of the effort is now concentrated on the calorimetry of the SDC,.

Many papers were l)ublished on completed fixed target experiments, ALEPH and even some

on D_). Results o[ the above mentioned experiments, as well as SSC detector developnlent results,

were also reported at various conferences.

B. Particle Theory Program

O The high energy theory group has had an active and productive year with thirteen papers pub-

lished in journals, five accepted, four submitted, and six published in or submitted to conference

proceedings. The subjects covered a variety of topics in the areas of strong and electroweak physics.

Last. fall Ulrich Baur joined our group as an Assistant Scholar/Scientist, filling the position previ-

ously held by Howie Baer before he became an Assistant Professor. Chung Kao joined our group

at the same time, replacing Jim Ohnemus in a postdoctoral research associate position.

\York has continued on higher order QCD calculations using the Monte Carlo technique devel-

oped previously. This year results for WW, ZZ, WZ, and -_-),production have been published. A

method for incorporating parton showering in such calculat.ions was developed and applied to W

production. \;ersions of these programs have been supplied to various experimental groups and we

are working with them in order to compare the theorel.ical predictions with new data. Work is

continuing also on parton distribution phenomenology and a review article has been submitted to

Annual Reviews of Nuclear and Particle Science.

Many topics in collider pheromenology have been investigated including signatures of super-

symmetric particles, methods for studying triple gauge boson couplings, and Higgs phenomenology

O al. the SS('.. A detailed list of topics and current papers is given later in this report.
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II. Highlights of Activities During the Past Year:

O
• J. Owens t)ecame our department cha,irman in August 1.991 for the next three years.

® \7. Hagopian accepted the directorship of Graduate Studies starting August 1991 for the next

['ew years.

• U. Baur joined us in September [991 as Research Scientist, a position vacated by Baer.

• C. Kao joined us in September 1991 to replace J. Ohnemus who took a Post-Doc position at

the University of Durhanl.

• S. Hagopian is co-chairman on Fermilab's Users Facility Advisory Committee.

• J.E. Lannutti is now on the [!RA Board of Fermilab, External Visiting Committee.

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

computer ('omputations Research Instii.ute.

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

Physics (SAHEP).

• V. Hagopian is the institutional representative on the SSC-SDC Institutional Board.

Q • .J. Owens was a co-convenor for a session at the 1991 DPF conference in Vancouver B.C.

• S. Hagopian was granted graduate faculty status by the Physics Department, i.e., she can now

officially direct Ph. D. dissertations.

• J. Owens helped organize and presented three lectures at a summer school held at Mackinac

Island, Michigan.

• K. Johnson and V. ttagopian convened the second conference on Radiation Tolerant Scintillators

and Fibers (RADDAM92) held in FSU from April 28 to May 2, 1992.

• Faculty full tilne at ItEP laboratories: H. Wahl - Fermilab, May - December 1992; J. Womersley

- Fermilab, May- August 1992 and January - August 1993; D. Levint.hal - CERN, May 1992 -

August 1993.

O
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O III. Personnel During the Past Five Years

At the middle of 1988 the High Energy Physics group included

14 Ph.D. physicists, 9 of whom were funded by the University. In June
1992 the group had 15 Ph.D. physicists, 9 of whom are funded by the

University. One new faculty position was added in August 1989
(Prof. W. John Womersley) and another new faculty joined in August

1990 (Prof. H. Baer). We expect to add another experimental Research
Associate by October 1992 to be funded 50% by TNRLC and 50% DOE and

another theory research associate by July 1992 to be funded more than 50%
by TNRLC.

The table below gives the names of Ph.D. physicists who are part

of the high energy physics grant during the last five years. The table
also lists the title, the period and the funding source.

1988 I 1989 I 1990 I 1991 I 1992 IFunding

THEORETICAL:

H. Baer (RS) I..... > DOE

H. Baer (Fac) I ---> FSU
U. Baur (RS) I ...... > DOE

O D.W. Duke (Fac) > To SCRI ................... > FSUO.O. Kime! (Fac) I > FSU

C. Kao (RA) I ---> DOE
J. Ohnemus (RA) I .... > DOE

J.F. Owens (Fac) I ---> FSU

EXPERIMENTAL:

W. Dharmaratna (RA-FNAL) ---> DOE

J.H. Goldman (RS) ---> DOE

S. Hagopian (SP) ---> FSU

V. Hagopian (Fac) ---> FSU
M. Ikeda (RA-CERN) .... > DOE

K. Johnson (CRS) ---> FSU

J. Lannutti (Fac) ....> FSU
D. Levinthal (Fac) ---> FSU

H. Piekarz (RS-FNAL) ........... > DOE

G. Stimpfl (RA-CERN) .... > DOE
J. Streets (RA) ---> DOE
H. Wahl (Fac) ---> FSU

W. J. Womersley (Fac) ---> FSU

Fac - Faculty; RA- Research Associate; SP - Staff Physicist;
CRS - Computer Research Specialist; RS - Research Scientist;

Note: The University considers SP and RS as faculty.

0
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Florida State University supports the High Energy Physics group with manpower as well as

O capital and expense funds. During the aca(lemic year the faculty is totally paid by the University

and our teaching load averages one course per semester, with occasional time off for full time

research.

In addition, the University has assigned to our program three full-time research personnel funded

entirely by FSI_I funds. They are:

1) Dr. Sharon Hagopia.n (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), 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 5 full time persons:

4) Mr..James Thomaston (Engineer) is our electronics engineer.

O . -, e_ .

5) Mrs Lupe Howell, (',omputer Sol ware Scientist

6) Mr. Ke Hu, Engineer funded by SSC subsystem work and TNRLC.

T) Mrs. Sherry Rybak (Grant Specialist II).

8) 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 progress are the graduate students

trained in the group. The number of graduate students varies, as new ones join the group and others

graduate. During this progress report year two students completed their dissertations and graduated

with the Ph.D. degree. They are:

1) Lee Sawyer.

2) Herman White.

At. present we have 11 graduate students and 4 undergraduate students working in our research

O program.
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IV.EXPERIMENTAL PROGRAM

O
Summary of the Experimental Program:

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

program, present, our current on-going activities and our plans ['or the foreseeable future.

The past, year completed the transition from fixed target to collider experiments. From 1985

through 1988, the major effort, of the group was directed towards two fixed target experiments. The

first a.t Fermilab: the study of two high Inomentunl transfer particles. 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. During the past. year two

invited talks were given on this experiment.

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

namely DO at FNAL and ALEPH at CERN. W,:' view the SSC as an important future direction of

our group and considerable effort has also expanded towards this objective. We have worked on a

variety of detector problems for the SSC and five of our members have joined the SD(',.

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

O
periments and collider experiments.

Under the fixed target section, we describe our concluding efforts of the fixed target experiments,

namely:

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

8 GeV'/c .

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

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

on two experiments, namely:

,, DO a,t FNAL

® ALEPH at LEP in (IERN.

Also (lisc,,ssed are our varied efforts [or the SSC, focusing on the SSC-SDC effort.

During the past seven years, the experimental group has benefited from access to supercomput-

O ers ( (!RAY-YMP and the connection machine) as a result, of the establishment of the Supercomputer

6



Computational Research Institute (SCRI) at. FSU. Our very close working relationship with the sci-

O entists at SCRI has enhanced the programs of both groups. S(',R] now has six experimental high

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

Na:,_e Starting date Experiments

M. Corden 3/88 CERN ALEPH and SSC

C. Georgiopoulos 12/84 CERN ALEPH

S. Linn 9/8.5 FNAL DO

S. Youssef 12/86 FNAL DO and SSC

D. Xiao 1/91 SSC and DO

S. Wasserb,_ech 9/91 SSC', and ALEPH

We expect to continue our very close working relationship in the forseeable future.

After each experiment, we _'ill list the names of all the Ph.D. physicists th_tt have worked on

the experiment during _he past year.

O
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A. Fixed Target Experiments

O
i. Brookhaven National Laboratory experiment 771.

K +K°_ "- Production and the ,qtudy of the D(1285), E/t(1420) and a Resonance at 1,510 MeV With

_'-, If- and _ Beams at 8 GeV/c.

(V. Hagopian, J.H. Goldman

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

motivation was the study of the E(1420) region with at. least. 10 times the statistics of any pr, __ous

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

and C-parity of this object. The two claims were 0-+ which (lid not fit, the standard SU3 multiplet

classificatioIl and 1++ which had a place in the spin 1 multiplet. The interest in the ((I ..... ) state

is due to the fact that this resonance is a glueball candidate. Details of this experiment is given in

previous ,,:ogress reports.

The table below shows the resonances we observed. A * means a well determined resonance.

Beam jPC Resonance Mass

Tr- 0--+ 1270' 1420' 1470

1++ 1290' 1430 1510'

1+- 1400

0-+ 1290' 1430'

1++ 1270' 1400

K- 0-+ 1280 1390 1480

1++ 1410

1-4-- 1430'

Our analysis concluded the following:

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

mass. This fa('t was confirme(1 by another exl)eriment studying the decay mode 71_'_'.

2. The E/l(1420) re_ion is very complex. This experiment has identified two (0 -+) waves, one

O (1 ++) wave, one (14 -- ) wave. Not. ali of these resonances can I)e q/t states.

8



3. Tile peak at 1512 MeV and width 35 Mev has spin parity of 1++.

O
4. A search for the reported U(3100) -4 pArr's failed to confirm previously reported (statistically

not too significant) peaks.

BNL experinlent. 771, was proposed by BNL, FSU and Southeastern Mass. Univ. (now Univer-

sity of Massachusett_s). After approval was granted, Univ. of Indiana also joined the collaboration.

FSU made a large commitnlent to this experiment, providing about 25% of the manpower. Besides

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

and helped in the final assembly of the unit.. The TOF was put. in the BNL-MPS in 1985, before

the second round of data taking. Without this unit, ii. would have been pointless to _.ake any K-

dat.a, as the protons in the final particles would have completely dominated the trigger, with no

hope of separating the K + FSU took complete responsibility in the reduction and analysis of both

the 1983 and 1987 _ data. We also reduced and analysed the 1985 and 1986 K- data. In addition

we also reduced the 1987 lt'- data and the analysis of this part of the data was performed by a

UM Dartmouth graduate student. One important result that we (FSU) were able to extract, was

the relative cross sections, for the D(1285) and E/L(1420). Even though it. was Known that. D and

E/l. had eit.her small or zero production cross se,_ions with a K- beam, there was no good way

O of comparing these values with rr-- beam results. Since the equipnlent, the trigger elements, the

reconstruction programs and the beam momenta were the sanle for the K- and Tr- data, we were

able to compute relative cross sections and determined that the production of the D and E/t. by

rf- 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 _ portion of our data, is the upper linlit of U(3100) --+ p,_Tr's.

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

to confirm their observations!

The last three publications at the end of this section list. the papers that appeared during the

past year. FSII personnel have given 12 invit.ed talks on this experiment, two by V. Hagopian in

the past year. The first an invited talk at. the 1991 APS-SESAP meeting in Durham NC. and the

second a seminar _l Tohoku llniversity in Sendai, .Japan in May 11992.

This experiment has been a very productive one. Three of our graduate students have obtained

Ph.D. degrees based on the data, two of them now working at Fermilab. This experiment showed

O that the naive picture of the Particle Data Group for the 1420 MeV mass range is incomplete and al.

9



least, one of t,he two (0 -+) states and t,he 1+- states cannot be q_O but, either glueballs or hybrids.

O We will eventually publish all of the resl,lll, s as time l)ermits.

So far 18 papers and conference proceedings have been published from this experiment. The

last, three during the past year are listed below.

1) Search for the U(3.1) _ Aprr's From pp Intera, ctions at 8 Gev/c. Proceedings of the R heinfels

Workshop 1990, Hadron Mass Spectrum, St.. Goar, Germany, 3-6 September 1990. Nuclear

Physics B, Vol. 21, pp 174-178, (1991).

2) Partial Wave Analysis of K/_'Tr From pp Interact, ions at. 8 Gev/c. Proceedings of the Rheinfels

Workshop 1990, Hadron Mass Spectrum, St.. Goat, Germany, 3-6 September 1990. Nuclear

Physics B, Vol. 21, Pl) 142-148, (1991).

3) Preliminary Part.ial-Wave Analysis of K + K°rr System Produced in 8 Gev/c K-p Intera, ctions.

Proceedings of the R heinfels WorkshoI), 1990 Hadron Mass Spectrum, St.. Goat, Germany, 3-6

September 1990. Nuclear Physics I3, Vol. 21, pp 11-15, (1991).

O
10



2. Di Hadron Production in pN Interactions at. 800 GeV - E711

O
(V. Hagopian, D. Levinthal, plus one graduate st,udent)

The objective of this experiment was to acquire and analyze a data sample to measure the

parton-parton scattering cross section. This was (lone by st.udying massive dihadron (up to 14

Ge\ ) production. The two leading hadrons can be used to give approximate measurements of each

scattered parton and thereby give the energies and final state directions. The initial st.at.e directions

are assumed to be collinear with the beam axis. The data-taking finished in February 1988. The

data reduction and Monte Carlo simulations were done o11 supercomputers at. FSU. Details of this

experiment are given in previous progress reports.

The atomic weight dependence of the scattering cross section when paremeterized as rr(A) =

rroAa yielded a value of c_ - 1.043 _ .011 :£ .012 independent, of mass or charge state. The average

fraction of the jet. nlomentum carried by high PT leading hadrons with the QCD parton inodel

predictions. The reaction studied was p+ N _ h I + h2 + X where h 1 and h2 are the leading

particles of the two jets produced at. high PT. The distributions agree well with the QCD parton

model predictions for single independent proton-nucleon scattering and independent fragmentation

process.

O The angular distribution of the di-hadrons relative to the beam direction, at. fixed dihadron

mass, is closely related to the parton-parton scattering angle. Analysis of the data has shown that,

when it. is parametrized t.o the form"

drr (1 1 )d cos 0 - rro (1 - cos 0)" -t- (1 + cos 0) °

the data yields a value of a - 2.91. ± 0.12 for the opposite sign charge stage and a value of 2.85 :t:

0.14 for the same sign charge states. The value reported by (',(',Oil for the _.%.o final state was a

= 2,97 -2 .05. The Q('D Monte Carlo discussed before, yields slightly flatter distributions with a

corresponding value of a - 2.74 for the (!COR analysis and a - 2.73 for the opposite sign and a -

2.77 for the same sign charged particles.

One FS U studenl (K. Streets) COmlfleted her Ph.I). dissertation in 1989 and is now a post-doc

for University of Maryla, hd working on DO at Fermilab. A second FSI! student (G. Boca) completed

in 1990 and now has a st afr position al. University of Pavia. Another st.udent, who was resident at.

FSI!, has als() received her Ph.D. in 1.991 froln University of Michigan. The last. FSU student (H.

O White) graduated in August 19!11, and is now at Fermilab.
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B. Collider Experiments

Since 1984 physicists of the Florida State University have been participating in two collider

experiments; D0 at the Fermilab Tevatron and ALEPH at, the LEP collider at CERN. During the

past year we ('ontrihuted substantially in (lata reduction and analysis of ALEPH and in testbeam

work and software development and preparation and conlmissioning of the D0 detector, which

has finally begun it.s first collider run. Last year several graduate students worked on the collider

experiments and the first student has received his Ph.D on ALEPH. Two FSU graduate students

are working on D0 for their theses. 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 tip Collider Experiment DO

(W. Dharmaratna, S. Hagopian, V. Hagopian, H. Piekarz, H. Wahl,
J. Womersley and five graduate students)

O This year has seen the first, collider data taken by DO , an event which all of DO , including
the FSU group, has been working hard to witness. The commissioning of parts of the detector

with cosmic rays has been going on for over a year; it. intensified when the completed DO detector

was rolled into the collision hall in March and so-called "collider commissioning" began in mid-

April. The first beam-beam collisions were seen in DO at. the end of April and the first good

three day collider run, where W candidates were detected, was at the end of May. It is a time

of great excitement and also of hard work for DO . The collider running will be at relatively low

luminosity until mid-July, when full-intensity a.nd minimally interrupted running will begin. The

slow start-up has act.ually been rather helpful to DO in its work to break in a new detector, with

new hardware, new software, and a learning curve fbr the experimenters. At our first collaboration

meeting after the run began, on June 10-12, we were very pleased to see the first, sets of data

already processed through reconstruction and analysis. The first, physics results are now beginning

to emerge (together, of course, with some problems in shaking down the detector.) It, will, however,

take a. concentrated effort to keep up with the flow of data as ii. intensifies and press onward to real

physics results. This initial run (_[{un la,')is expected to lasl. until l)ecember 1992 and accumulate

an integrated luminosity of v20 pb- 1; a second run from March to December 1.993 ('Run Ib') should

O add an additional _80 pl) -1.
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Being a general-purpose detector, DO is capable of covering a wide range of physics topics.

O Our highest priority for the first, run of the exI)eriment is a search for the top quark at. masses higher

t.han those so far ruled out. by tile CDF exl)eriment. W'e hope this will be the year of not only the

first. DO collider data, ].mt also that of the "fop discovery" by DO . In the first, run, we expect, to be

sensitive to top quark masses up to about 120 (;eV. The top quark is one of the last. missing pieces

of the Standard Model of particle interactions, which has been enormously successful in describing

almost ali observed high energy phenomena. Increasing effort is focused on precision tests of its

predictions. For run la, (assuming an integrated luminosit.,, r of 20 pb -I and 50% eflqciency), DO is

expected to observe about 2000 Z° --+ e+e -, about. 20,000 W--, eu, with comparable numbers for

the decays into muons. A precision measurement of the W and Z mass ratio will determine sin20u,

toan accuracv of 0.0005; if the top quark mass is known, this will be a precise test of the standard

model. Studies of a.synlmetry in W production and decay may yield information about the existence

of new heavy gauge bosons not included in the standard nlodel. Other studies will include tests of

QCD by measuring .}el.production, productioi| of high energy photons in association with jets, and

studies of very high PT jets (which test the point-like nature of quarks and gluons). In addition,

there is also great interest in direct searches for new gauge bosons, Higgs bosons, heavy leptons,

O supers3qnmet.ric particles, higher generations of quarks, technicolor, signs of a quark-gluon plasma,
and any other new unexpected objects.

The D0 deteclor was designed later than C.DF and incorporates lessons learned at earlier col-

lider detectors (IJAI and !lA2). Its uranium-liquid-argon calorimeter provides very nearly hermetic

coverage down to small polar angles (q _ 5), with rather uniform response and good hadronic

and electromagnetic (,,ergy resolution over the whole region of coverage. The superior hadronic

resolution and the near equality of electron and hadron response will allow good precision in the jet

energy measurement, a feature which will be crucial in identifying hadronic decays of W's and Z's.

The hermeticity and la.rge depth results in good missing energy measurement capability, which is

essential in searches for new phenomena such as supersynllnet.ry. The muon detector is far superior

to that of ('DF because of a lhicker absorber and two layers of proportional drift tubes outside

the absorber/magnet. The acceptance for high-pT inuons is also much larger and the kaon decay

background and pion punch through are less than for (IDF.

O
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These advantages should allow DO to be very competitive with CDF in searches for the top

®
quark, as well as in exploratory surveys of the TeVatron energy regime, and in performing precision

tests of the Standard Model.

During the past. year, six Ph.D.'s from the FSI_! High Energy group, two SCRI Ph.D's, one

programmer, eight students and three part-time technical support personnel participated in DO .

Two of the Ph.D.s (W. Dharmaratna and H. Piekarz) are stationed full-time at. Fermilab. Two

FSU graduate students, Bob Madden and Mark Goforth moved to Fermilab in January 1992. They

will remain there through the first DO run and do their theses based on data to be taken during

the present run.. Mark is working on a search for gluinos by studying events with three or more

jets and missing E.I., originating from gluino cascade decays. Bob is studying events where a direct.

photon is produced together with two jets, which enables precise tests of QCD.

Test and ("alibrotto, Beam Activities

The FS[I commitlnent to the test beam program at Fermilab continued to the end of data

taking (late 1991) and analysis (which is now being completed). Itorst Wahl, John Womersley

and four graduate students (Mark (_loforth, Bob Madden, ,JaInes Richardson and Jin Xu) spent.

O the sumlner of 1991 at Fermilab, working on softwa.re for the transporter, modifications to the
DO online analysis l:ro_ram EXAMINE, and on the development of procedures to test the cabling

and mapping of calorimeter cells to electronics channels. They worked with Henryk Piekarz on

the testing and installation of trigger and TOF counters. Ali seven took shifts during the summer

on the Testl)eam run. ht addition, Ramon Avellaneda, an FSU graduate, worked part-time on

DO Te,;tbeam activities.

Tcslbeam Oata ,41_al.qsts

Using the FSUHEP VAX C,luster, John Womersley has been running a. Monte Carlo simulation

of the !990 calorimeter testbeam, using the latest version of the GEANT Monte (',arlo program (v.

3.14). This work is l)eing carried out in conjunction with Ma.reel l)emarteau a,t Fermilab. It has been

found that using this new version of the Monte ('.arIo, plus very low cut offs for tracking particles,

gives good detailed agreement with the (la._a,, though (:vents take a long time to generate (typically

50 events per day on a 3-MIP VAXsta.tio|l). Pion showers were generated, for determination of their

resolution and shower shapes (which now agree well with data) and of shower leakage to correct, the

measured c/n response ratio. About. [our VAXstations (typicaily two with 3 MIPs and two with

O 7.6 MIPs) were used for this effort.
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During 1991-2 ,John Womersley coordinated the writing of a NIM paper from the data taken at

O the test beam in 1990 (End (',alorimeter modules). This includes descriptions of electron and hadron

energy response and resolution ill the ECEM + E(',IH calorimeter syst.em, position resolution,

muon response, and rate del)endence studies, l)ha, rma. wrote the section on response to muons for

the paper including l,he {-/tl ratio a.s well as the results from uniformity studies. This paper was

submitted to NIM in ,lune, 1992, and is a Fermilab preprint.

Dha, rma completed the Load 2 muon (15 ('eV) data analysis. This included understanding

the FH/EM response discrepancy and comparison with the Monte Carlo predictions. It was found

that after ali known corrections the ratio of the mean response between the FH and EM(FH/EM)

are 1.05 -k 0.03 and 1.07 :-t: 0.0.5 for Monte (',a,rlo and data respectively. Also the individual layer

response agree very well with that of the MC.

The '/scan data. ft'ore the I,oad 2 run was analyzed by Dharma in detail (with projected tracking)

in order to understa.nd an unexpected 71dependance. The data taken from 71= 0 to -1.0 indicates

about 2.5% variation. The data taken from '/ --- 0 to 1.0 also indicates similar behaviour. Some of

the dips and peaks seen in the q dependence is found to be due to the variation in gains. The over

ali 'i dependence is understood, a,t least partially. By using the optimized weighting (on individual

O layers) for 100 (/eV electrons, instead of the weighting for M1P which neglects the significance of

the e/mip ratio, the q dependence is found to be within 0.5% for ali q except for the central tower at

q = 0.05, which is about 1.5% lower. This dip and t,he disagreement with the Monte Carlo remains

to be understood.

Work by Dharma a,nd Chip Stewart on the (ICEM crack data analysis is also in progress. DST's

and Ntuples have been made from ali data, files (more than 250 files). The effect of tile "key notches"

which coincide wit.h cracks is being studied in deta, il.

Other So.//u,_,,'c

The 1;'SU group contributed to the software effort in DO ill areas of Monte Ca.rlo programs,

off-line reconstruction programs and gra,phics as well a.s to testbeam data software and analysis

mentioned above.

.John \¥omersley worked with Wyatt Merritt on tuning the parameters of the DO GBANT

Monte (!arlo. Following our upgrade 1() (lEANT version :1.14, ii. was necessary t.o redetermine the

smearing al}plie{l l.(} showers in the mixture geotnetry, _tn{l t,he attenuation of EM energy used to

O get. the e/Tr ratio c{}rrect. He a.lso investigated l.he alt.ern_ttive h_t{lronic shower algorithm NUCRIN
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which is available in this version of GEANT. Our usual choice, GHEISHA, was found to give superior

O results, so no change is foreseen here. A DO note describing this work was written.

During the sununer of 119!:)1lFSII contributed to the generation of simulated physics Monte Carlo

events on our VAX clust.er; supplying background events (l.wojet "QCD events"). FSU generated

12,000 events and processed them through 1){/) RE(',() to make DST files. We also ran 1,500

Beauty events through DI3 (lEANT for the Triggerfest held in January, 1992 al. LBL. For electron

lD studies in cooperation with Norma.n (;raf (Fermilab), FSU generated 151,000 single electron

Monte Carlo events on our VAX cluster a,l. various rapidities and energiea.

DharIna has worked on generating a new shower library. This includes making few corrections

and some modificat.ions lo the existing shower library codes. The data generation, 15K events

(GEANT 3.14), is in progress.

H. Piekarz worked on Level 1 and Level 2 trigger study regarding the direct, photon det"ction

and analysis, tte also made Level 1 and Level 2 studies of trigger rates and filtering for two-jet

superhard scattering processes including direct photons with very large transverse momenta.

Lupe Howell developed a new program, PXBUILD, which allows the user to interactively build

O an IR(!P file for making event displays. This was released to DI3 LIBRARY in September, 1991.

Sharon Hagopian and Nobu Oshima (FerInilab)continued work on the DI3 event, display to make

it. useful for physics analysis as well as for ONLINE event monitoring and OFFLINE alogorithm

development. Over 14 documentation files were written to help the DO experimenters make use

of the various graphics packages developed over the lasl. few years.

Lupe Howell modified many DI3 graphics routines to make them compatible with UNIX so that

they would work on Silicon Graphics workstations. She has made the DI3 Event display work on

the FSU Silicon Graphics workstation and is doing further improvements to make use of its special

fast. 3-D rotations.

John Womersley, Saul Youssef (SCRI) and Peter Dragovitsch (SCRI) developed a package called

OCTAGON which absorbs (!Al) system defined geometries into (lEANT. Among many tests, they

have absorbing a PW(! stand defined in autocad into the GEANT representation of the TB90 test

calorimeter. While making various improvements to t.he package, they plan to use it to add some

of the inore ditZficult details of the DI3 detect.or into D0('EANT.

@
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Transitio,n Radi(,lion Detector

0
In March 1992, FSU joined the TttD group. \¥e agreed to work with Saclay in the maintenance,

operation and running of the Transition Radiation Detector built by Saclay. We will also assist in

the calibration and software analysis of the TblD. Members of our group have spent a large fraction

of their t.ime interacting with members of the Saclay group, to help ensure a smooth transfer of

knowhow and responsibilities. Henryk Piekarz took an active role in the preparation and commis-

sioning of the TRD gas system, and has taken responsibility for its operation und maintenance.

Assisted by members of our group (mainly the two resident students, with contributions from other

group members), he is also looking after the read-out electronics of the TRD.

Carte,Tr Activities

Two of our faculty members (Horst Wahl and John Womersley) are spending the summer of

1992 at Fermilab together with three FSU summer students (in addition to the two resident FSU

students). Besides taking shift.s during the collider data-taking, with special emphasis on the TR D

and the rest. of the central tracking detector, the students are doing calibration and commissioning

and maintenance work on the TRD, us well us help with the ana, lysis of testbeam data. The advanced

O students continue Monte Carlo studies connected with their thesis topics and are beginning analysis
of real data and comparison with the monte carlos..John Womersley has created a first, version of

a direct photon analysis package, and tests on the first 10 nb-I of collider data agree well with

expected cross sections for photon and isolated 7r0 production.

O
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2. ALEPH

O
tD. Levinthal and M. Ikeda)

The last, year has seen ALEPH continue its analysis of data from electroproduced Z°s and pre-

pare for the final two large_,data taking periods at these energies. A silicon strip vertex detector was

installed during 1991 yielding much improved track and vertex resolutions. The 1991 run provided

ALEPH with more than 3O0K hadronic Z ° decays, for a tot.M sample of hMf a million. The 1992

run, which started in April, has the potential to increase the statistics to more than a million events

by the end of the year. ALEPH has now produced more than 50 physics publications lI] . In step

with this program the FSU group has similarly continued its physics work and made arrangements

for an increased presence at CEIRN.

The contingent of the FSU group froIn the physics department has focussed on detailed com-

parisons of data and rigorous standard model calculations, and the physics of charmed mesol_

production at, LEP. The standard model a,nalysis [2] has been updated to conform as closely as

possible to the more st.andard types of analysis done in ALEPH. This simplifies the comparisons of

data samples as there are fewer differences in the cuts. In addition, refinements in the Monte Carlo

O corrections have been made and runs with ten times greater statistics have been finished to gMn

greater control of systematic effects. With the processing of the 1991 data sample finally finished

and the use of the beam depolarizing resonances to determine the absolute beam energy to .5 MeV,

the detailed analysis of the 500,000 Z ° decays taken in 1990 and 1991 will be completed in the next.

two weeks. \'Vith the increased data sample and the W mass measurements now available, these

data should yield top quark mass determinations wi/.h errors of around 30 GeV. We are currently

studying what limits on ndnimal supersymmetry can be made through the use of the generalized

additions to the vacuunl expectation value self energy corrections a la Peskin and Takeuchi [3].

In August 1991 we published our results on charm physics based on 189,900 events taken in

1989 and 1990. With the addition of 289,000 hadronic events recorded in 1991, we are now able to

update lasl year's results.

The main source of systematic error in last year's result on charm fragmentation and production

rill 'rate was the uncertainty in (.he b/c ratio, l_nl_ value was estimated to be 0.95 ±0.1Oand was deter-

mined from the Monte (!arlo simulations. In order to decrease the systematic error, an additional

discriminator of b events was necessa, ry. This discriminator, Xnn, was obtained using an artificial

O neural network from 9 variables characterizing the event, topology. Only (.he variables associated to
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the opposil:e hemisl)here of l,he D* candidal, e were used. Thus there is ,lo correlation bet, ween Xnn

O and Xe. From the t xvo-dimensional fit, in l,he (Xe,Xnn) plane we obtain (c _ D*)BR(D* _ Krrrr)

= (6.5 7t: 0.5 _-£.0.2)* t0 ....3 < Xe > - .495 _:!:.010 :_ .001 which are in good agreement with our

previous result, s but. wit.h lower st.at,isr,teal and syst.elnat, ic errors and b/c = 0.87 :t: 0.15 :t: 0.01 in

good agreement, with our original Monte (larlo est.imat, e.

This year we have also improved our est.imat.e of Pv, the probabilit, y for producing a charm

vect, or meson. Using the increased st,at,ist.ics and t.he new (',LEO branching ratio for D* _ D°rr ,

we obt.ain Pv = 0.49 :.5 0.04 :t: 0.05 A new charm signal, D + _ Ii+rr+rr -, has also been used to

est, imat, e Pv. The preliminary result, we obtain is Pv - 0.59 :t: 0.08 where the error includes the

st,at,ist,ical error and errors from 1)ranching ratios but does not include the syst, emat, ic errors from

the D + select.ion. We are current, ly investigating t.he effect. P-wave charmed st,at,es on Pv.

The service effort for the collaboration by the Physics depart, ment personnel, Ikeda and Levinthal,

has included running shifts and sharing in t.he organization and operation of t,he large VAX worksta-

t.ion clust, er, ALWS, wit.h the CEFIN group. In order t.o part, icipat, e to the fullest, ext, ent, during t,he

last, t.wo runs, D. Levivl, hal has just, finished one year of a double teaching load. ]'his will allow him

to remain in residence a{. CERN for the ehf,ire 1992,/1993 academic year and the two surrounding

O summers. Thus with t,he forseen replacement, of NI. Ikeda, who will be taking anot, her posit, ion later

this summer, the FSU Physics department, will be able t,o have two full time scientist, s at. CERN for

the bulk of t.hese data taking periods.

The hardware efforts of the FSU group cont, inue t.o center on t,he offline computing facilities

at, CERN used by the ALEPH entire group. The large VAX workstation cluster, ALWS, has been

reconfigured to include an FDDI backbone. Since t.he inclusion of this isolating element in the

net, work, the stability of the cluster has iml)roved dramat.ically, maintaining continuous up t,imes

in excess of 3 months at. a stretch, in spit, e of being l,he largest, example of such a clust, er known.

The lack of disk space and high speed file servers which can take advantage of t,he CERN groups

purchase of the FDDI hardware continues t.o plague us, as I)OE has cont.inued t,o refuse any request.s

for funds no m.a,t.t.er how l.rivial in comp_trison with its lavish support of t,he Wisconsin group. As

usual we repel,, our request, for support, of the facility which produces the overwhelming majority

ra a(_of t,he ALEPH results, l_he ALW_q clust, er has been selected to receive 2 of t.he new DE _, ALPHA

workst, at,ions for j3 site lest, ing this fall. One will be configured t.o run VMS_ the oi,her t,he new

OSI st,andard version of UNIX (OSF). These t,wo st,at,ions will be eval,lat, ed for use in large group

O environments and as the ret)la, cements of choice for the current syst,enl of file servers. As t.he presence
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of DE(', e(luipment in the HEP cmnmunity is so pervasive and the entire future of DE(', appears

O t,o be tied to these machines, this/3 test is likely to have resounding impact on the future of IIEP

conlpul, ing.

In addition, with our increased |)resence ai. CERN, we anticipate working with the group inves-

tigating the use of a. high resolution straw tube chamber t.o replace the current, IT(',. Many of the

new materials and design ideas have been provided by FSU personnel, M. Bertoldi in particular.

Much of the research into material and consl.ruction techniques can be Inore easily researched from

the United States. With the time zone overlap that t.he Eastern U.S. has with Europe, Florida,

State is in a unique position within the ALEPH collaboration for investigating novel solutions of

American origin. The first, large prototype of the straw chamber will be built this summer as we

believe we now have a construct.ion technique for 2 meter long straws. It, will consist, of 72 channels

and will be run in the test beam this fall.

Since 1990 the D* group has been extensively using a software package, SANDY, developed by

Y. Maumary (tteidelberg) and maintained jointly by Y. Maumary, P. Colas (Saclay), and M. Ikeda

(Florida St,at.e). The SANDY package reduces the standard data set t.o a smaller set called nano-

DSTs and performs a number of time-consuming algorit.hms at. production time. The advantages of

O SANDY as compared to the standard ALEPt-t analysis package (ALPHA) is speed and compactness.

The increase in speed depends on the analysis t)rogram; for example, in our charm meson programs

we have t'ound a factor of I0 increase in speed. The compactness allows the complete 1990-1991

data. set. to be stored on a private workstatioil disk. The reduction in size also allows Monte Carlo

events to be st.ored on the ALEPH data disks and t.hus they are easily available to VAX users.

This year the package has been expanded and other heavy flavour groups and the QCD group are

now taking advantage of the speed and simplicity of the nano-DST. SANDY is currently available

on a number of VAX and IBM machines among many collaborators including IN2P3 (the cen-

tral comput.ing center for French institutes), Saclay, Heidelberg, and Cineca (ItMy). Recently the

_qpackage has been ported to lhc ALEPH DE(.,_tatlon cluster and has been found to work perfectly.

,r .p
Currently the nano-DSrs are produced on the ALLPH VAX cluster usually after each major

reprocessing. In the near futnre there will be discussions on whether the nano-DST production

-la
should be incorporated in the ALEPH-standard 1)roduction programs.

" e , ' _ _ P(-'(,ord_n (.,eorgiol)oulos, and Wasserbaech, as members of S(:RI (DE-.[ _,0,5-85ER250000) are

in close collaboration with t.he l)epartment, of Physics at. FSU. While the travel expenses, salaries

O for these three collaborators and the commonly used CE1R.N budget code are covered by the SCHI
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contract, the FSU share of tile detector maintenance (computer maintenance contract, oil ALWS,

O etc), hardware upl_rades and responsibilities are covered Ly this cont,'ct, making a clean division

of financial resl)onsibilities. Tileir conlmunity service includes direct involvement in running the

experiment, software projects to improve and automate the handling ai_-I network transfer of data

to ofl]ine facilities, and generation of Monte Carlo events for general use by the collaboration.

They share with the Barcelona group the responsibility for the operation and maintenance of the

ALEPH Event Reconstruct.ion Facility (also known as "FALC, ON ''[t,5]. This data processing system

is dedicated to the quasi-online, parallel reconstruction of the data recorded by ALEPH, and the

distribution of the Data Summary Tapes to the oMine conlputing facilities for physics analysis.

It is a medium size (20 nodes) local area VAX-cluster, closely coupled to the online cluster via. a

set of dual-ported disks to which _he raw data are written. The dual porting provides access to

the raw data for reconstruction wit.hin minutes ofdat.a taking. Within hours, fully reconstructed

event files ready for physics analysis are delivered to the ofl]ine computing facilities. The success of

the FALCON system has re3ulted in; (1) the rapid availability of reconstructed output facilitating

the timely publication of phys;cs results; (2) the sophisticated monitoring of the detector during

daia taking; and (3) the capabiliiy to reprocess raw lata with updated constants at more than

O 20.000 hadronic Z"s a day. Cordon and Georgiopoulos each spend a quarter of their time (luring
the running period as FAL(!ON managers at CERN. (The Barcelona group is responsible for the

other half" of tile runniag period). This service provides the collaboration with an uninterrupted

flow of reconstructed data (DST's) to the ofllinc facilities for physics analysis.

SCRI's expertise in the use of supercomputers has given ALEPH the opportunity to exploit, the

(!IRAYs ai CEI_N and FSIT to the fullest. Software has been developed on the CRAYs for detector

simulation, DST analysis, data conversion, and even ibr a fileserver for the FAL(',ON facility, all of

which exploil l he (!ray's strong points of vector processing and fast. I/O capability. The fileser¢ing

capabilities of the (!RAY were fully realized, during December 1991 when ali of the data accumulated

during the 1991 period were repr,_cessed. More than 3110 (.igabytes of data were delivered in less

than 20 days to and from FAL('ON using the CRAY as a fileserver. As a consequence of our efforts,

the CRAY is now used by the collaboration as heavily as any other ofl]ine facility at. CERN (for

example the IBM 30._0 and the ALWS VAXstation cluster).

With ever-growing data samples, progressively larger numbers of simulated events will be re-

quired for accel?!ance calc,llalions and comparison with real data. Our work on the Monte Carlo

Q simulation, which is envisaged to continue for the lifetime of the experiment, includes the planned
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upgrade to centre of ,,lassenergies above the threshold for pair production of W gauge bosons

O (LEP II). Detailed simulations will be needed. In 1991, 55,000 Z ° ---+ qf and more than 200,000

Z ° --_ r + r- event.s were generated oil the (!RAY Y-MP at. FSU, which are currently used by the

collaboral.ion.

Physics analysis will continue in the coming years. The areas of interest of the group in the

exploration of charm and beauty physics with final stales containing cb's, K°'s and rr°'s, the search

for new particles, and the measurement of the lifetime of the r lepton will become more central

with the installation of the micro vertex detector.

dE/dx information from the TP(', is used t.o discriminate between charged kaons and pions, t.hus

improving the signal to background ratio for _;bideIltificat.ion in the K+K - sl_ectrum. Consequently

the Df _ cbrrc [6] signal can be exlracted with reduced background. This search will be exploited

for B meson decay channels such as Bs -+ J/t/' cb and Bs -_ D + D;- as more data become

available. The CTool package developed by S. Youssef of SCRI is used to sl.udy the channels

D{ ---- _ rr± rr0 and D_ _ -+ h "° rr. . This package allows a clusl.ering algorithm to be opl.imized

for any chosen 1)hysics criterion' for example, one can optimize the identification of neutrals in a

calorimeter based on a specific signal. St.udies of other mull ii)le cb systems are also under way but,

O are currently hampered by
lilnited statistics.

The S(!RI _rouI) has participal, ed in a search for the productio,l of leptoquarks, which are

predicted in a variety of theorelical schemes beyond the Standard Model. An event generator was

written 1o simulate the l)roduction and decay of leptoquarks according to the model of Schaille

and Zervas, and an analysis strategy was devised for ei|icient signal isolation. From the ALEPH

data, the production of first and second general ion leptoquarl_s call be excluded over a nlass range

between 5 and 4,1 Ge\;/c 2 at the 95% confidence level [7]. This significantly extends the upper bound

set by the TRISTAN collal)oration.

Through the work of Steve Wasserbaech the SCRI group is currently involved in the measure°

ment ofthelifelim, _ofthe r lel)tOn. A new technique has been developed, whereby the r lifetime

measuremenl can be exl racted from evenls where both r leptons decay into a single charged par-

ticle. In l his method, the mean r decay length is computed I)y measuring the correlation between

l he impacl i)arallleters and*l ,, azimuthal angle bel ween the two charged tracks. The advantages of

this method ,:onlpared to the classical impact paramel.er 1net hods are; reduced model (lependence,

smaller svst.ema.iic error, and there is no need to del.ermine the r direction 1.o estimal.e l.he sign of

O lhe impacl pa.rameler. Using |.his technique as well as the lnore t ra(lil.ional ones, ALEPH obtained
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O a lifetime (rr) of 286 ± 14 fs [8]. This measurement is slightly lower than the world average, and
yields a ratio of"G'r/("p o[" 1.006 :_: 0.031, consistent with tl .....r universality, where Gr and Gp are

the Fermi coupling constants of the r and tt to the charged weak current. This result is based on

data taken up to 1990; using the 1991 data with the silicon vertex detector, a considerably inlproved

measurement should be possible.
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3. SSC Experiments SD(', and EMPACT

iV. Hagopian, I'(. Johnson, H. Wahl, W.J. Womersley)

During the past year considerable effort was expended for the It&D and proposal writing of

SS(! experiment.s. One nlember of our group (W.J.W.) contributed to the EMPACT proposal while

the others worked wii.h SI)(!. Since most of our effort was on tracking and calorimeter sub-systenls,

we will discuss the progress in the technical part presented in Section D of the Progress Report.

O
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C. Computing, Networking and VAX Upgrades

O
The High Energy Physics group had a dedica,.ed VAX-II/780 from 1981 through 1989. This

computer served as the boot node for a 10 node Local Area, VAX Cluster (LAV(1) from 1987 through

1989. The cluster satellite nodes (7 VAXstation 2000's, 1 VAXstat.ion 3200, and one MicroVAX II

(now at. Fermilab) )provided additional CPU power, but eventually we saturated the capacities of

both the boot node to run the cluster and the CPU power in the entire cluster.

At the end of 1988, the U.S. I).O.E.a.nd Florida State University agreed to contribute $1.50,000

each to upgrade our comt)uting facility. The D.O.E share was funded over three years, starting in

1989. After extensively evaluating several systems, it. was decided to purchase a Local Area VAX

(1luster (LAVC) initially based on VAX 3000 series CPU's. The upgraded system initially had the

computing power (for floating point: calculations)of approximately 70 VAX-11/780's, and over 18

GB of hard disk storage.

During the following years we continually upgraded the system, by trading obsolete units for

faster and better ones and by purchasing additional newer units. Sometimes the savings of one

,,'ear's maintenance cost was ,_nough to enal)le us to upgrade to a faster model. For example, we

O had eleven VAXstation 3200's, each with a yearly maintenance cost. of about $1500. For $2045 each

we exchanged VAXstation 3200's for VAXstation 3100-76's with a, one year warranty and three

times the (!PU speed. We also added two Exabyte 8200 8 mm cartridge tape drives, to ease disk

backup operatioils and data transfer between institutions. This past. year we upgraded the 8 mm

tape units to dual density Exabyte 8500 drives, and purchased a third such drive for use at. Fermilab,

all required both to maintain compatibility with the DO experiment and to keep up with the higher

density disk drives we have purchased and intend to purchase in the near future (2 GB disk drives

are now coming onto t.he market).

The new VAX system has many advantages over our previous configuration. The dual boot

nodes provide hardware redundancy, so thai the cluster can continue to run should one of the

system's boot nodes or one of the two "sys;tem" disks fail. Each of the "CPU batch engine"

VAXstations has a ininimum of 1 GB of local disk storage, so that we ca.n run I/O intensive jobs

without saturating either the Ethernet itself or the Ethernet. controller cards on each CPU. We run

nlany jobs in "parallel" mode on these "('.Pll" engines.

Since the time of t.he initial upgrade, The Florida State University has provided over $100,000

O in additional funds for computer upgrades. Amoug other things, this has allowed us to purchase a
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16 MB color graphics VAXstation 3520 workstation in 1990, and this year to replace ii. with a 16

O MB color VAXstation 4000-M60. This past year seven of our 8 MB VAXstation ._200's were traded

in for \:AXstation 3100-76's witil 16 MB of nlemory, and also three VAXstation 2000's were also

traded in for VAXstation 3100-76's. Later in the year wel)urchased three of the newerVAXstation

4000-M60 machines (monochromatic). We also added six one Cbyte hard disks and, this past. year,

four 11.4 (;byte hard disks a.1)d some networking e(luiplnent.

We now have a total of eight. VAX computers at. (',EII N for the ALEPH experiment, six at

FNAL for the DO experiment, and one at. FNAL for the SDC experiment. There are also 4 GB of

hard disk at. (!ERN and 2 GB of hard disk a.t. FNAL.

The lifetilne of these computers is relatively short. There is obvious need for continual equipment

upgrades, or else the system will soon become obsolete. Furthermore, the deInands on computing

power from the collider exl)eriments and also for phenomenological calculations continue to grow

at a very fast pace.

Comparison of Batch CPU's: 1989, now, mid-of-1992 (FSU computers and disks at Fermilab

and CERN are not in the totals.).

(lurrent configuration: 175 VAX-II/780 equiv. + 23 GB "data base" disks

O 24 GB total disks
dual VAX 3400 Dual Boot nodes for LAV(I

4 VAX 3200 Batch Engine for 1/O intensive jobs and
6250 tape drives and old 1 Gbyte disks.

6 VAX 3100-30 Interactive workstations
2 VAX 2000 Interactive workstations
3 VAX 40()0-M60 Interactive gra,phics workstation
1 VAX 4000-M60 Interactive color graphics workstation
1 V'AX 3100-38 Interactive workstation
9 VAX 3100-76 Batch engines & interactive workstations
1 V'AX 3100-76 Batch engine & color graphics workstation

1 VAX 3100-76 Batch & interactive workstation, Task B

1 VAX 4000-VL(! Batch & interactive workstations, Physics Dept.

5 SABINE disks 5.?, _igal)ytes (data base --}-"user" disks)
12 WREN VII disks 12.5 gigabytes (data base disks)
4 WREN VIII disks 6.2 gigabytes (data base disks)

The computing facilities at. our disposal are a.s follows: ( (',Pl)" in terms of VAX 11/780. Batch

CPU is total available fl)r I)atch processing). The qua,ni.try now is the system as ii, exists now. Some

of the CPll's are for practical purposes not available for batch processing (the VAXstation 2000's

O are too slow)
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O Computer CPU Qnty Batch Qnty Batch(MIPS) 1989 1989 Now Now

VAX 3100-30 2.75 8 22 6 16.5
VAX 3100-38 3.8 1 4 1 3.8
VAX 3100-76 7.75 11 85.3
VAX 32(10 2.75 11 30 4 11
VAX 3400 2.5 2 5 2 5
VAX 3520 2.75*2 1 6
VAX 4000-M60 12.0 4 48
VAX 4000-VLC 6.0 1 6
VAX 2000 0.75 5 None 2 None

TOTAL BATCH POWER 67 175

Examples of LAVC use over the past year:

ta) Monte Carlo event, generation for ALEPH

(b) Analysis of reduced data (Data sunnnary files) for ALEPH

tc) Monte Carlo event generation for DO

td) Monte Carlo event generation by the phenomenological theory group

(e) Other phenomenological calculations |)3' the theory group

O (f) Monte Carlo calculations by the Lattice Gauge theory group (Task B).

(g) Monte Carlo event generation for FermiLab Experiment 711

(h) Analysis of reduced data (Data summary files) for FermiLab E-711.

Often two or even three of the above jobs are running simultaneously, on different, groups of

nodes in the cluster.

At. present, we have the following equipment at. Fermilab: a VAXstation 2000, two VAXstation

3100-30's, one VAX 3200 and two VAXstation 3100-76's each with a one Gigabyte disk, all for

the DO experiment. At (IERN we have one VAXstation 3540, one VAXstation 3100-76, and one

VAXst.ation 3100-38 with a Gbyte disk. The newer units are not only faster, they also have twice

the physical memory (16MB), which is increasingly becoming necessary for the collider jobs. A

second major component of the cluster is disk space. Disks have gone down in price since 1989,

t " -! rfrom about $8,000 per (-,Byte to $1,800 per (,b3l.e, and the price is still falling. Our disk capacity

for data processing has increasing t.o 23 GB, with another 7 (;B to 8 GB planned in the near future.

The cluster also has 3 laser printers, 3 nine track tape drives and two Exabyte 8 mm tape drives.

O We need to retain some of the Q-BUS VAXstation 3200's for the 9-track tape drives and for our
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five oldest. 1 OB SMD hard disk drives! We just recently removed tile Exabyte 8 mm tape drives

O from the Q-BUS and put t.henl onto the SCS1 BUS.

Recently, with some complicated funding, we purchased our first, true color real-time '_-D graph-

ics machine, a Silicon Craphics Inc. Crimson/ELAN computer, which has very fast, graphics ca,pa-

bilities, rather impressive Floating point. CPI! speed, and comes with (.he Unix operating system.

We already have sl.arted making use of this system, and once all the libraries are installed we ex-

pect to use ii. rather heavily for our collider experiments. We have already measured this unit at

8.1 MFLOPS, which is t.o be compared to our VAXstation 4000 Model 60's which we have mea-

sured at 2.4 MFLOPS. So for our mix of problems the Crimson is 3.4 faster than our previously

fastest, computer. The computer was I)urchased with a 1.6 GB disk, so that we would have room

to mount/generate data from/for the collider experiments. We intend to add an 8 toni tape unit

and anot.her CB disk in the near future.

As a COlnpul.ing engine, the Crimson is most suitable for non-parallelizable problems. We of

course expect to make heavy use of the graphics capabilities:

1,000,000 vectors/second

O 225,000 triangles/second

100,000 polygons/second

for the Fermilab DO and SSC SDC experiments, as well as for the SciAn project from S(',RI und for

color CAD l)rograms.

D. SSC Preparation, Detector Development and Detector Construction

(V. tlagol)ian, K..Johnson; two starting graduate students Daryl Davis and
Michelle Shepard; three engineers and three undergrad students)

Up until two years ago our detector development laboratory concentrated on building, testing

and quality control of fixed target experinlents and the FNAL I)0 detector. For DO we built, over

3,500 parts for the calorimeter which is now being used to take data. We also built a thickness

nleasuring device for the uranium plates of the I)(7)calorimeter. This device used a IBM PC',to move

a sonic thickness measuring sensor over a,n area, of al)out. 3 meters x 2 meters. During the past two

years most of the elnphasis has been on SS(I detectors. Nine FSII high energy physicists are now

O inembers of the SD(I coll_d3oration, of which four are front SC,17{I..Two other FSU physicist, were
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nlembers of other SSC experimental proposals, but their continuation with GEM is not, definite. We

O have also started to design and build the 1)roiotype ['or the t.ra.cking upgrade of AI, EPH at C'Et/N

using straw tubes. Funding for the SSC detector (levelopment has been a.ugnmnted by SSCL funds

and TNRL(' grants.

Our detector development effort is housed in three laboratory rooms in the Physics building of

our universil.y. In addition we use the facilities of the material s_'ience group to aluminize the ends

of fibers and the 3 MeV electron accelerator facility to irradiate plastic scintillators and wave length

shifting fibers. The physics department shop facilities are also used ext.ensively, where the numerical

control milling machine is used to cut, polish and groove plates. During the past. decade we have

collected specialized tools and electronics, that now form the core of our detector development a.nd

prototyping laboratory. Most of the equipment was purchased using Physics Department funds.

We now have a modest amount of equipment for the design, prototyping and testing of various

components. The hardware includes:

1. MicroVAX II with (',AMA(', interface and software. This equipment is now al, Fermilab and

was used in the test beam of the hanging file calorimeter. We will use this equipment again at

Fermilab during the next running period for the test beam.

O '2. Macintosh I1 with CAMA('. iuterface and software.

3. Two CAI_IA(', crates with about ten CAMAC, boards, including TDC, ADC, etc.

4 Two NIM crates and about 15 NIM units.

5 Lecroy and Bertan high voltage power supplies.

6 Four oscilloscol)es, including one 500MHz digital sampling oscilloscope.

7 Sl)ectrophotometer connected to a Macintosh computer.

8 Two 1BM P(_! compatible units for data collection.

9 2.5 meter long black box to measure scintillating and WLS fiber attenuation length and light

yield. Excilation is by means of 30 KVoll X-ray source, UV light or blue scintillator light.

10. (!AD/(!AM system for P(', board layout.

11. Phototubes, l)a,ses, scintillators, etc.

12. (!osmic ra.5, lelescope to measure fluor decay times and efliciencies.

Most of our ell'ort has been ['or the SS(', Sl)C, experiment. At, present we have two physicists,

O three engineers, two beginning graduate students and three undergraduate physics students working
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oil various aspects of this program. The SSC', SDC experiment has by now made many technological
decisions and several more need to done within the next year. The cMorimeter for this detector

has chosen the technology of scintillating plates a,nd wave length shifting (WLS) fibers. Both

scintillators and fibers sut[er radiation damage a.nd our group has measured this damage for over

50 different scintillators and fibers. By August of 1992, the calorimeter group will decide on the

scintillator and fiber types for the centra.1 barrel of the calorimeter, where radiation levels are low

but non-negligible. For the end ('aps the choice must be done in about one year; where, as of now,

no candidate scintillator exists. It is imperative that we continue our close work with industry to

come out with better scintillators and fibers. In December 1991 the SD(', cMorimeter management

identified our group for several of these efforts. This work is shared with Fermilab, Argonne National

Laboratory, University of Michigan and Louisiana State University. We have tested scintillators and

WLS fibers from BICt_ON, KIIRAIIAY and POLYHITECtt Corporations. We at FSU held the

second International worlCshop on I_/a.diation Tolerant Scintillators and Detectors (RADDAM92)

during April 28 to May 2, 1992. The first one [/ADDAM90 was held at FSU in March of 1990. The

plan is to hold the third conference in Portugal in late 1993. Proceedings of the first, conference

was pul)lished by us and the proceeding of the second workshop will be published by the journal

O t_adiation Physics and (!hemistry.

The High Energy Physics group at Florida, State University has taken a very active roll in the

preparation of the design of the S.DC detector. Our expertise is in the precise measurement of light

yield and radiation damage of plastic scintillators and fibers and all its associated components.

In addition several members of our group also contribute substantially to the effort of computer

simulations. Initially our group concentrated its efforts on the calorimeter and tracking sub-systems.

When the tracking group decided to build a straw tube tra.cker, we reprogrammed our efforts totally

on the calorimeter sub-system only. Now fibers for tra, cking are back in discussion and we may yet

be asked to help.

Florida State University ha.s had an active program to study radiation damage to plastic scin-

tillator for the past four years, ta'SU contrib,tted to the first demonstrations of the exceptional

radiation hardness of a-HF based fibers, the use of silicone based glue adhesive, the first systematic

damage invesl.i_at.ion of a complel.e EM module and has been testing commercial products on a

ongoing basis. \¥e have also been providing radiation damage facilities and testing on all informal

basis to ali SS(' related groups - at last count these included FNAL, T.exas A&M, Rockefeller, Duke,

O Bicron, Kuraray, CEBAF and Soviet Union (at. no charge).
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This cooperative al.mosphere has contributed, for example, to the rapid progress of ,Jim White's

O capillary studies and Bicron's program to create rad-hard fluors and plastic bases, as well as the

long-term aging l.est.s led by Nikos (liokaris of Rockefeller and Carl Zorn of CEBAF.

The list. of project, s to which we are contributing includes:

1. Ongoing damage surveys of any commercial product of interest (bulk scintillator, fibers, adhe-

sives, etc. )

2. (',lose collaborative testing of Kuraray's and Bicron's new developments (including recently, for

example, the new claddings)

3. Studies of optimal l.ile/fiber light, coupling geometries, nlachining practice and glues

4. Electromagnetic module radiation damage tests al. Beijing

.5. Long-term ageing tests of both bulk scintillator and fibers

6. We have provided DAQ, PM's and manpower to the test beam run at FNAL.

7. Measuring several wave shift, ing fibers for efficiency and radiation damage, including BCF91,

BCF91A, Y7, Yll and very recently the fast WLS fiber from BI(IRON TYPE O2.

@
During the summer of lg)91 we had two students at FNAL assembling the hanging file calorimeter

units, the test beam modules and also some help to the Argonne Calorimetry test module effort.

We have so far (:ul and grooved 22 plates for a new electromagnetic module that has been sent to

Beijing. We have diamond cut and grooved plates for the first test tower of the Argonne Unit. Our

shops also have cul, polished and grooved 300 plates t}_r the second tower of the Argonne calorimeter

unit..Jus! recent.ly we diamond cut. and grooved 50 plates of a new BICRON co-polymer scintillator

for testing at Argonne National Laboratory.

During the next year we expect to contribute substantially to the development of the calorimetry.

Our work will not be limil.ed l.o radial.ion da.lna.ge l.ests but includes investigations on the groove

shapes, machining operations and opl.in_ization of light, collection, as well as continued development

and selection of the best tile/fiber combination. We will also cont, ribute to the design and building

of modules. We were recent.ly asked t.o evalua, te t.he new green extended Hamamatsu 1..5 inch

phototubes, ( R580-717).

The major t,asl¢ of l,his R&;D is t,() work with indusl, ry trod possibly others to produce the

O brightest, scinl, illating plat, e-fiber conlbinat.ion, which is the nlost, ra(lied, ion damage resistant..
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1. For irradiation damage, we will continue to work with BICRON and others in testing radiation

damage of scintillator-fiber systems which in geometry is very close to the final design. BI-

(',IRON will continue to send or sell us salnples that are more radiation hard. By now BICRON

has produced a simple polystyrene based scintillator (B(',499-27), which is 25% brighter than

Kuraray S(!SNS1 and almost as radiation hard. The difference is due to the final fluor where the

BI(',RON scintillat.or has emission spectra abottt 30 nnl shorter in wavelength. The major effort.

will be in producing scintillators and fibers with longer wavelengths, to get. the spectrum away

from the transmission damage region. We will continue to measure the irradiation damage to

all samples using our 3 MeV electron accelerator. This work will continue in collaboration with

Argonne National Laboratory (contact: Jimmy Proudfoot) as well as with Fermilab physicists.

2. Testing grooves for scintillators. In the past we have cut grooves in scintillators that have

produced more light as well as less variation from unit to unit. Our design produced 70% more

light than the previou_s designs. We will continue this effort, as well as, the tt&D of groove

cutting at the highest speed possible. At. this time this speed is only 15 cre/rain and seems to

be the limit in groove cutting speed. We will test nea; ideas to increase this rate without the

scintillator-fiber sustaining damage. We performed a proof of principle test of multi-grooves

O versus one grove and reduced the irradiation damage (up to 10 Mrad) by a factor of two. We
will continue that investigation, using even finer wave shifting fibers.

3. Wave shifting fibers and coupling to clear fibers. So far we have used the BI(IRON BCF91A for

all testing and calorimeter modules. There is damage in both the fiber and the cladding. It is

known that amongst clear fibers, silica. (glass) fibers have the least, irradiation damage. We will

experiment in the coupling of these fibers to the wave shifting fibers. In addition, we will work

with industry to improve the brightness of the wave shifting fibers as well as the irradiation

hardness. So far a.n improvement of a factor of 40% has already occurred, but we do not believe

that. this brightness is the limit. We have already started to investigate the mirroring of the

end of a fiber with either silver or aluminum. We will continue this effort.

4. SD(I (!ommunity Effort. In the past we have contributed 1.o this effort, in the form of providing

manpower for assembly and beam testing of modules at. laboratories. We have also cut and

polished scintillators and grooved them for both the Fermilab and Argonne modules. We also

irradiate various components for other Sl)(! users, including those groups working in the forward

calorimeter, where radiation levels are much higlter. We will continue all this type of service.

O
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Every menfl)er of this collaboration has been with this FI&D effort for over two years with the

O exceI)tion of t.wo first yea,r gra.dua.te students who joined us this sttmnwr. Our research group has

developed precision measuring t:echniques for both irradia.tion levels a,nd light output reduction due

to radiation damage. For radiation damage we use the FSU 3 MeV electron accelerator that can give

controlled amount of minimunl ionizing particles to damage scintillators and fibers. We have also

constructed light output measuring devices which are cont.rolled by PC computers. The excitations

are by 30 KeV X-rays, UV light, and blue scintillator light. Results are checked against cosmic

muons using digital oscilloscope and digital electronics (both QVT and CAMAC). In the past. we

damaged and measured individual components. Starting several months ago, ali our work is directed

towards the systems of scintillators and fibers nested inside each other. Very good summaries of

our work is given in the four paper presented at the RADDAM92 conDrence and appended t.o this

prolgress report.

E.Absorption of CAD System Geometries into GEANT for SSC,

(J. Womersley )

O I have been working for the last two years on the problenl of interfacing computer-aided mod-

elling systems ("CAD systems") with physics simulation programs (usually the (',ERN Monte Carlo

program GEANT). The aim is to avoid the need to tediously re-create a detector model in GEANT

after one has already been designed, albeit on a.different computer system, t'or engineering purposes.

This has been recognized as desirable for many years but is a complex task because there are many

incompatible (',Al) formats, none using the (lEANT hierarchical tree, and often supporting shapes

that ('EANT does not.

The first efforl, in this direction at, FSU was funded by the SSC Lab (SSC-PC-030, 1990) for

the addition of a particle tracking capability within the I-DEAS solid modeller system; this proved

very useful in designing the shaI)es o[" the calorimeters for t.he EMPA(!T/TEXAS SSC proposal.

Building on t.his experience with ('.AI) systems, work has been done over the lasl. year in

conjunction with two S(',Ill physicis, ts ('foussef and Dragovitsch) to develop OCTA('ON, a translator

from a commoll ascii ('AI) interchange format (DXF) to (-lEANT FORTRAN input, lt is not

intended to solve the Kelleral translation l)roblem but ra,ther a.s a way of getting small, odd-shaped

pa,rts of a (letect.or, whi('h can be sketched quickly on the (',AI) sysl, em, incorporated into the

O (',EANT model. 1t. deals with shapes - whether they are (lEANT SUl)ported volumes or not
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by breaking them recursively into smaller units and thus building a so-called "octree" in which the

O shape is bull! up of small bricks. A first release version of the l_rogram wa,s completed in May

1992, and is available through til: _reeHEP software library. We are investigating its use to model

add-shaped cable bundles in the Monte Carlo simulation of DO.

In March 1992 the program was presented ai, CEPtN at, the GEANT User's Meeting and a copy

is being beta-tested by the (!omputer Aided Detector Design Group there. We aim to coordinate

future developments with this group.

O
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V.Particle Theory Program

O
During this past year the high energy theory group has consisted of two tenured or tenure-

track faculty menlbers (Baer and Owens), one 1-{esearch Scientist (Baur), one Research Associate

(Ohnemus and then Kao), and two graduate students funded by this contract (Bailey and (',hen).

Uli Baur came to our group from the University of Wisconsin, Madison, to fill the Research Scientist

position vacated by Howie Baer when he became an Assistant Professor. Jim Ohnemus finished

three years with us as a Research Associate and took a similar position with the high energy group

at the University of Durham in England. He has been replaced by Chung Kao who joined us in

September 1991.

There has been extensive participation in conferences and workshops during the past year.

Owens served as a co-chairman of two parallel sessions on QCD (one for fixed target and one

for collider results) at. the DPla' '91 conference in Vancouver, B.C. and Baer presented two talks

there, as well. Baer also presented talks at the U-(' Davis Workshop on Higgs Physics, at. the

DO New Phenomena Workshop in Arlington, Texas, at the SSC Symposium at the University of

Wisconsin, Madison, and at the meeting "Supersymmetry: Beyond the Standard Model III" held at

Carleton University in Ottawa. Both Baur and Owens presented talks at. the Moriond Conference

in March and (',hung presented a paper al, Symposium at, University Wisconsin,the SS(', the of

Madison. Numerous colloquia and seminars were also presented at ANL, la'NAL, Durham, University

of Wisconsin, Madison, University of Munich, DESY, Technical University, Aachen, University of

Illinois, Urbana-C, hampaign, and the SS(I Laboratory (Baur), FS': FNAL, University of Alabama,

University of Texas, Austin (Baer), .FSU and the University of rlex,.s, Austin (Kao).

The CTEQ (',olla,boration consists of a group of theorists and experimentalists who are partially

supported by the Texas National Laboratory Research Commission with the goal of furthering the

quantitative comparison of theory and data for standard model processes. This year the group

sponsored a summer school on quantitative QCD analysis. Approximately 30 hours of lectures along

with informal discussicns took place over an eight day period. As a member of the collaboration

Owens particit)ated in the planning and running of the school and presented three lectures on higher

order QCD calculations. The school was attended by 82 advanced graduate students and post-docs.

Five attendees were from FSII - Madden and Goforth (graduate students working ,,,h _0), Bailey

and (!hen (theory graduate students) and Kao (theory post-doc).

The following is a list of journal articles and conference reports which were published, accepted,

O or submitted during the past year. Following each is the abstract or a brief description of the paper.
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1. An order as calculation of hadronic ZZ production, J. Ohnemus and J. F. Owens, Phys. Rev._L

D43, 3626 (1991).

(-)
An order ¢_s calculation of pp _ ZZ + X is presented. Results are given for the

total cross section and differential distributions for Tevatron, LHC, and SSC energies. The

calculation utilizes a combination of analytic and Monte Carlo integration methods which

makes it easy to calculate a variety of observables and to impose experimental cuts.

2. Update of the Effect. of Cascade Decays on t.he Tevatron Gluino and Squark Mass Bounds,

H. Baer, X. Tata and J. Woodside, Physical Review D44,207 (1991).

The CDF mass bounds on squarks and gluinos are obtained using simplistic assump-

tions. We use the event generator SUSYSM, developed at. FS[I, to evaluate cross-sections

for missing energy events from gluinos and squarks, in the framework of the MSSM. The

gluino mass bound can be as much as 30 ('eV below CDF claims, while the squark mass
1 ;

bound is typically reduced by lO - 15 (,e_. We show how these constraints on the MSSM

parameter space compare to those from LEP data.

O 3. Phenomenology of Light Top Squarks at. the Fermilab TevtA.ron Collider, H. Baer, M. Drees,

R. Codbole, a. Cunion and X. Tara, Physical Review D44,725 (1991).

The renormalization group equations of the MSSM predict, that one of the super-partners

of the top-quark can be much lighter than the other squarks. We assume this to be true,

and exarnine how this assumpt.ion wouhl lead to modifications of top-quark physics at. the

Tevatron collider, and we also evaluate rates for missing energy events from top-squarks.

4. An order ¢-_scalculation of hadronic W-W + production, a. Ohnemus, Phys. Rev. D44, 1403

(199i).

(-)
An order ns calculation of pp -- II"- W + + X is presented. Results are given for the

total cross section and differential distributions for Tevatron, LHC, and SSC energies. The

calculation utilizes a combination of analytic and Monte (larlo integration methods which

makes it easy lo calculate a ,,,ariel 5"of observables and t.o impose experimental cuts.

5. A ('omplete O((_s) Event (_;enerator for p/5 ..... H"--_ cuX with Parton Showering, H. Baer and

O M.H. Reno, Phys. Rc',,. D44. R3375 (1991).

35



We have found a way to evaluate W production to O(as ), while including parton showers

O from initial and final state quark and gluon lines of the Feynman diagrams. We avoid

previous problenls of negative weights and double counting parton emissions. Predictions

for H' + n-jet rates agree well with matrix element aI)proaches, while the ['V pT-distribution

agrees well with the best previous theoretical estimates. A single program can yield all this

information in the form of an event generator, and can be interfaced with hadronisation

and detector simulation programs.

6. A Comparative Study of the Benefits of Jet. Tagging in Heavy Higgs Production at. the SSC,

V. Barger, K. (',heung, T. Han, J. Ohnemus, and D. Zeppenfeld, Phys. Rev. D44, 1426 (1991).

H --_ ZZ --_ 4 charged lept.ons is of order 40 events per year at standard SSC, luminosity

and the Q(ID background is of comparable size. By tagging a single forward jet. of energy

Ej > 1 TeV and rapidity 2 < [Tit[ < ,5 from the qq _ qqZZ process, the QCD background

can be essentially eliminated, with 12 signal event.s per year remaining, which amounts to

70% of the qq --_ qqZZ rate. The complete experimental separaA_ion of the vector boson

scattering subprocess is thereby possible.

O 7. An updated set of parton distribution functions, J. F. Owens, Phys. Lett. B266 126, 1991.

A new paran|etrization of parton distril,ltions is presented which is designed to update

the older Duke-Owens Set 1 parametrization. The distributions result from fits which are

based on new data from deep-inelastic leptoI_-nucleon scattering, dilepton production, and

direct photon plus jet production. Some slight modifications have been made to the form of

the parametrizations in order to extend the range of validity in both x and Q2. The results

are presented in a format which will allow an easy upgrade for routines based on the old

parametrizatioIlS.

8. Event Structure in Photon plus Two-.let Final States, S. Keller and J. F. Owens, Phys. Lett.

B269, 4,15 (1991).

Direct photons can be used as a probe of the hard scattering mechanism in high-pT

multi-jet final states. For final states containing a photon and two jets, three classes of

events can be distinguished according to whether the photon has the highest, second highest,,

or lowest energy as compared t o the two jets. By comparing Dalitz plot structures as well as

O angular distributions for each of these different types of events, it is possible to distinguish
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the contributions from specific classes of Feynman graphs. In particular, it is possible to

O isolate a sample of events dominated by the ]_remsstrahlung production mechanism. The

cross section for such events is sufl_cient, ly large to make this measurement practical in the

forl.hcoming collider run as the Tevatron.

9. An order _._ calculation of hadronic W±Z production, J. Ohnemus, Phys. Rev. D44, 3477

(1991).

(-)__ W +An order o_s calculation of pp Z + X is presented. Results are given for the

total cross section and differential distributions for Tevatron, LtIC, and SSC energies. The

cMculation utilizes a combinatioIl of analytic and Moni.e Carlo integration methods which

makes it. easy to calculate a variety of observables and to impose experimental cuts.

10. Multilepton Signals from Supersymmetry al Supercolliders, H. Baer, X. Tara and

J. Woodside, Phys. ttev. D45, 142-160 (1992).

We have developed a new event generator SUSYSM to simulate the production of

squarks and gluinos at hadron supercolliders including all the cascade decays as given by

O the minimal SUl)ersymmet.ric model. The simulation incorl)orates final state hadronization

and fragmentation effects for t.he decays of heavy flavors. We have used this to compute the

rates for /_7' events, same-sign dilepton events, _! =: 3, 4, and 5 isolated lepton event.s and

single or double Z 0 + /_7' events from squark and gluino production al. the LH(', and the

SSC for cut.s i,spired by the SDC, Collaboration. We have identified and estimated several

backgrounds to the various event t,opologies and shown that it should be possible to extract

signals in several channels both at the LtlC and SS(',. We have shown that after accumu-

lating one year's worth of design luminosity, it should be possible to identify a gluino with

mass up to 2 TeV at, the SSC, while t.he corresponding reach of the LH(', is 1.2 -- 1.7 TeV,

depending on the luminosity.

11. W and Z Production at pp Colliders: Parton Showers Merged with O(t_s) Monte Carlo Ap-

proach, H. Baer, M. H. l{eno, Phys. Hey. D45, 1503-1511 (1992).

We corlslrucl event _enerators for t,[_ --" II '+ X --, _'+vX and pt_ --_ Z°X --+ e+e-X in-

cl,ding colnplete O(_.;) corrections, and i,terface with initial and final state parton showers.

Problems with negative weights and double cou.ting multiple parton emissions are averted.
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We calculate tile qT(W) spectrum at both _ = 0.63 TeV and v_ = 1.8 TeV, and con>

O pare with data and other theoretical predictions. We also present cross-sections for the

various W or Z plus multi-jet event topologies a.nd compare with matrix dement results.

We show several distributions associated with W+nmlti-jet events and find the jet rapidity

distributions can be used to test the validity of our approach.

12. Latest. Software, Hardware Serve High Energy Phenomenology, H. Baer and W. F. Long, feature

article in (;'olnputcrs Zn Physics magazine, p. 24-32, January 1992.

We review for the general physics audience the usage of computers in High Energy

phenomenology. We discuss software available for typical calculational problems, and also

discuss current status and future trends in hardware relevant to particle physics.

13. Observability of "_') Decays of Higgs Bosons from Supersymmetry at. Hadron Supercolliders, H.

Baer, M. Bisset, C. Kao, and X. Ta.ta, FSU-HEP-911104 (Phys. R ev. D- in press).

Motivated ]_y the recent discovery that radiative corrections can cause the mass of the

lightest scalar ttiggs boson, Hl, of the minimal supersymmetric model (MSSM) to be in the

intermediate mass range, we assess the prospects for discovering the MSSM Higgs bosons

O via their ")"y decay modes at the SSC and at the LH(',. We find that if the charged Higgs

boson is not too light, ii. is possible to discover at least one of the Higgs bosons via this

mode within a few years of operation of the SSC, provided the detector has the resolution

to identify a Standard Model Higgs boson in the intermediate mass range via its "Y3'decay.

Similar conclusions hold at the LH(', provided the luminosity is higher by a factor of about

4. In the case where mH+ , and hence, mh, v is somewhat smaller than 200 GeV, we find

there are regions of parameter space where all three Higgs bosons are in the intermediate

mass range, and none of them lead to an observable signal. Thus, new strategies may be

needed to identify the Higgs bosons of the MSSM.

14. Electroweak Vector Boson Production in High Energy ep Collisions, U. Baur, J.A.M. Ver-

Inaseren, and D. ZeppenMd, Nucl. Phys. B375, 31. (1992).

We present t.he results of a comprehensive study of W and Z production in high energy

ep collisions. The processes ep ...... ¢.I,t,'_X, ep ....., ulV---X, ep -, eZX and ep -+ uZX

are investigated. The region of small moinentum tr, nsfer in eW and eZ production, with a

fermion exchanged in the u-channel, is treated using the phot, on structure function apt)roach ,
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and carefldly matched to the deep inelastic region. Low momentunl photon exchange con-

tributions to t/II,; and eZ product.ion, where the proton either stays intact or is transformed

into a nucleon resonance, are calculated using form factors and structure functions fitted

directly to experimental data. These processes will be the source of rare but spectacular

events. Total cross sections for W and Z production at HERA and at. an ep collider in the

LEP tunnel (LEP/LH(1), and detailed results for the characteristics of eW, lJW, eZ and

uZ events are presented. In ep _ eWX, eZX the uncertainties of the quark densities in K'_:

the proton and photon allow the total cross section predictions to vary by -t-40% at HERA

and +15(70 at LEP/LHC.

15. Probing the l.l"II:'), Vertex in e+p ---+tJTX , U. Baur and M. A. Doncheski, FSU-I-IEP-920225,

MAD/PIt/692, preprint, February 1992, t.o appear in Phys. Rev. D.

We study the prospects of testing the WW'_ vertex in e-p --_ u'_X and e+p _ u'_X at

HERA and LEP/LHC. Destructive interference effects between the Standard Model and the

anomalous contributions to the amplitude severely limit the sensitivity of both processes

to non-standard I I'llJ') , couplings. Sensitivity limits for the anomalous WW'_' couplings tc

and A at HERA and LEP/LHC are derived, taking into account experimental cuts and

O uncertainties, and the t'orm factor behaviour of nonstandard couplings. These limits are

found to be significantly weaker than those which can be expected from other collider

processes within the next few years. At. HERA, they are comparable to bounds obtained

froIn S-matrix unitarity.

16. Parton Distribution Functions of Hadrons, J. F. Owens and Wu-Ki Tung, to appear in Ann.

Rev. Nucl. Part. Sci.

The QCD analysis of parton distribution functions in hadrons is reviewed. Elements

of perturbative QCD which torm the basis of this analysis and recent, developments on the

various physical processes which contribut.e most significantly to the global analysis are

summarized. The theoretical, experimental, and phenomenological issues and uncertainties

involved in a comprehensiw • study of partoil distributions needed for contemporary precision

QCD applications and high energy predictions are discussed in some detail. The status of

currently available distribution sets and their proper use are examined. Finally, a list of

yet-t.o-be finisb.ed tasks and critical challenges in this key area of high energy physics is

O presented.
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17. An order a's Monte Carlo calculation of hadronic double photon production, B. Bailey, J. Ohne-

rous, and .]. F. Owens, to be published in Phys. Rex,. D.

An order (_s calculation of hadronic double photon production is l)resented. The results

are compared with data from both colliding beam and fixed target experiments. The calcu-

lation utilizes a combination of analytic and Monte Carlo integration methods which make

it. easy to calculate a variety of ol)servables and impose experimental cuts.

18. Production of a Pseudoscalar Higgs with a Z Boson from Cluon Fusion, Chung Kao, submitted

to Phys. 1Rev. D.

The minimal sut)ersymmetric model is adopted to study the production of a pseudoscalar

Higgs boson lA) in association with a Z gauge boson from gluon fusion (gg --, ZA) at,

future hadron supercolliders. Its production rate is determined and compared to that of

the associated production of the Standard Model Higgs boson (HsM) with a Z boson

fronl quark-antiquark annihilation (qq ....+ ZH,s'M ) and gluon fusion (gg --_ ZHsM ). Some

promising decay modes are suggested for detection.

19. Searching for the CP-Odd Higgs Boson of (.he Minimal Supersymmetric Model at Hadron Su-

O t)ercolliders, .J.F. (;union, H. E. ttaber, and C. Kao, submitted to Phys. Rev. D.

The (lP-odd Higgs boson, A 0, of a non-minimal Higgs model possesses no tree-level

couplings to vector boson pairs. As a result, many of the techniques employed to search

for the Standard Model Higgs boson at the SSC, and LHC are not likely to be useful in

searches for the A O T'his paper focuses on the t)henomenology of A O production and de-

cay in the minimal supersymmetric model (MSSM). We evaluate a comprehensive set of

branching ratios for the A O (which includes ali two-body tree-level and one-loop decays into

nonsupersymmetric final states), including the effects of leading log radiative corrections.

The one-loop decay A O ....- ZZ leads to the "gold-1)lated" signature ZZ --+ l+l-l+l -- and

provides an observable signature for A 0 1)roduction at the SS(', and LH(', only over a very

narrow region of l)arameter sl)ace. More l)ronli:dng signatures for the A O are discussed.

20. Supercollider Signals from (_llfino an(l Squark Decays to Higgs Bosons, H. Baer, M. Bisset,

X. Tata. and .I. Wootlside, I:'SII-[IEP-,q2022,1 (Phys. l_ev. D- in press).

If the mass of the charge(! Itiggs boson of the minimal supersymmetric model (MSSM)

O is smaller than ab(mt 150 CeV, tlm branching t'raclion for heavy gluinos and left-handed
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squarks to cascade decay to the heavier Higgs bosons Hh, Hp and H _: of the MSSM may be

O as large ns 50-60% for va,lues of SUSY parameters consistent with experimental data. These

decays, which have been assumed to be kinematically inaccessible in earlier analyses, can

potentially lead t.o significant modification of the cross section for _T, same-sign dilepton

and multilepton events from squarks and gluinos. We find that the/_T, same-sign dilepton

and trilepton production rates are relatively insensitive to low values of mH+ , so that these

remain viable signals for the identification of gluinos and squarks at. the SSC or the LHC.

Finally, our exploratory study shows that substantival production of H h and Hp (H +) in

gluino and squark pair events can lead to /_7' events with anomalously large numbers of

b-quarks tr-leptons). There also exist small regions of parameter space where the H 1 and

H h may be identifiable via the presence of 77 in /_T events.

21. Snagging the Top Quark with a Neural Net., H. Baer, D. Dzialo-Karatas and G. Oiudice, FSU-

HEP-911130 (submitted to Phys. F(ev. D).

The search for the top quark at. p/_ colliders in the one-lepton plus jets channel is plagued

by nn irremovable background from W-boson plus multi-jet production. In this letter, we

show how the top quark signal can be distinguished from b_tckground in the distribution of
neural network output. By making a cut on the network output, we maximize the ratio of

signal to background in a final event sample, and compare our results with those obtained

by making kinematical cuts on the data sample. We also delnonstrate the robustness of the

neural networl¢ method by training the neural network on signal events of one top mass and

testing upon another.

22. The Search for Higgs Bosons of Minimal Supersymmetry: Impact of Supersymmetric Decay

Modes, H. Baer, M. Bisset, C. Kao, and X. Tara, FSU-HEP-920630 (subnfitted to Phys. lt.ev.

D).

We explore the consequences of Higgs boson decays to super-particles, and prospects

for detection at hadron colliders.

23. Supersyinmetry at. Supercolliders, H. Baer, proceedings of DPF91 Conference, Vancouver, Au-

gust, 1991, l). '172.

A review of how sut)ersymmetric particles would manifest themselves in experiments at

O hadron supercolliders.
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24. O(as) Monte Carlo for 141Production with Parton Showering, H. Baer, proceedings of DPF91

O Conference, Vancouver, August, 1991, t). 705.

A summary of work done in merging parton showers with higher order QCD Monte

Carlo for vector boson production.

25. W- and Z-Boson Production at. e'p Colliders, U. Baur, FSU-HEP-920427, preprint, April 1992,

to appear ill the Proceedings of the XXVIIth Recon.tres de Moriond "QCD and High Energy

Hadronic Interactions", Les Arcs, Savoie, France, March 22 -- 28, 11992.

We briefly summarize the results of a comprehensive study of W and Z production

in high energy cp collisions. The 1)rocesses ep --+ cW--t:X, ep ---+ uW-X, ep _ cZX

and e'p --- uZX are investigated. The region of small momentum transfer in eW and eZ

production, with a fermion exchanged in the u-cha.nnel, is treated using the photon structure

function approach, and carefully matched to the deep inelastic region. Low momentum

photon exchange contributions to uIV and eZ production, where the proton either stays

intact or is transt'ornmd into a nucleon resonance, are calculated using form factors and

structure functions fitted directly to exl)erimenta,l data.

O
26. An order ,_s Monte Carlo calculation of hadronic double photon production, J. F. Owens, to

appear in the Proceedings of the XXVIlth ]{econtres de Moriond "QCD and High Energy

Hadronic Interactions", Les Arcs, Savoie, France, March 22 -28, !992.

An order ns calculation of hadronic double photon production is presented. The results

are compared with data from both colliding beam and fixed target experiments. The calcu-

lation utilizes a combination of analytic and Monte C,arlo integration methods which make

it easy to calculate a variety of observables and impose experimental cuts.

27. O(ns) Monte ('arlo for W Production with Parton Showering, H. Baer, proceedings of the

Monte C,arlo 91 (',onference, Amsterdam, April, 1991.

A summary of work done in merging parton showers wil.b higher order QCD Monte

(',arlo for vector boson l)ro(luction.

28. The Seal'ch for Supersymlllet.ry, H. Baer, proceedings of Beyond the Standard Model 3, Ottawa,

(lanada, .]une, 1992.
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A review of how supersymmetric particles would manifest themselves in experiments at

O hadron supercolliders.

Ongoing and Proposed Projects

1. Continued study of hard scattering processes.

Work is continuing on a variety of next-to-leading-logarithnl calculations for various hard scat-

tering processes. Bailey, Ohnemus, and Owens have completed a next-to-leading-logarithnl Monte

Carlo program for two photon production which has been used to compare predictions with data

from the WA-70, UA-2, and C,DF (lolla.bora, tions. The agreement with the first two experiments is

good, while the l)redictions for the higher energy data from (',DIp lie below the data. We are continu-

ing to work with members of the (',DF Photon group in order to understand this. Also, predictions

from our earlier next-to-leading-logarithm direct photon program for the angular distribution of

the produced photon-_-jet system are somewhat flatter than the CDF data. Finally, data on direct

photon production from I!A-1, UA-2, and CDF ali show that the predictions tend to fall below the

data at. the low PT' end of the range covered by the data. We are investigating various explanations

O for these discrepancies such as a larger bremsstrahlung component or modifications of the parton
distributions. In conjunction with this Bailey and Owens are using data from Z decays with final

states conta.ining a. photon to try to learn how good are the approximations used in various direct

photon calculations to describe the bremsstrahlung component. When looked at in this way, the Z

decay data provide a pure bremsstrahlung sample.

The DO detecl.or at Fermilab has started to take data and members of the FSU group are

interested in studying direct ph6ton production. We are providing programs which are being used

to design triggers for various processes such as the production of photon plus two jet final states.

Later, we will provide programs t.o generate predictioils for these processes, as well.

Baer, (!hen and I_eno plan further investigations into t.he merging of parton showers with higher

order Q(.',D Monte ('.arlo programs. In particular, they are looking at general rules for such mergers,

which ought t.o be applicable to all processes, and to ali orders in perturbation theory. They plan

specific applica, t.ion of such techniques to e+e - -_ jets.

2. Parton distributions.

The global analysis o[ l:)arton (listributions has been an ongoing l)roject here since the late 70's.

O As new data are ol)t.a.ille(i and new calculations l)erformed it. is important t.o review and update the
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existing parton distributions. The advent of new two-loop calculations for deep inelastic scattering

O represents an important theoretical advance. New understanding of the reasons for inconsistencies

between high star.isr.its deep inelastic scattering data. has opened the way for improving previous

fit.s. New data extending the measurements of t;'2 to lower va,lues of a' are also having an impact.

Accordingly, the process of refining the parton distribution fits will continue. In the near term, one

goal will be to efficiently incorporate a direct photon program into our fitting package so a.s to be

able to use a larger sa.n_ple of direct photon data in the fits than has been done previously.

3. New Particle Searches.

Another area in which members of the group have been active is the search for new parti-

cles. Baer is carrying out detailed computations of supersymmetric signals and standard model

backgrounds for the Tevatron, SSC and LHC. These calculations implement the ISASUSY event

generator developed at FSU to simulate gluino and squark events in accord with the Minimal Su-

persymmetric Standard Model. Further improvements in ISASUSY should take place in 1992-1993.

(',DF and D0 are currently using this simulation packa,ge in their SUSY analysis. Also under the

topic of supersymmetry, Baer and Kao will further their investigations of the possibility of observ-

ing the various Higgs bosons of supersymmetry a,t hadron supercolliders. Work in these areas will

continue, driven to some extent by the results of the collider experiments currently taking data. In

short, we intend to maintain a high level of activity in the area of collider phenomenology.

0
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O
Task B - Progress Report 1991/1992

The multicanonical Monte (la,rio (MC) a,lgorithm [5] ha.s stood up to the pronlises anticipated

by last yea,r's progress report.. A concise up-to-date review is given in [12]. Precisely speaking

we did not propose a new algori_tml, but the suggestion is to simulate a new statistical ensemble,

the "multicanonical". This notatmn was first, used in [7] a.nd in more details developed in [15,16]

and [12]. Once the ensemble is defined, one may invent algorithms to simulate it. Up to now only

fairly straightforward Metropolis type algorithms were used to simulate approximations of the strict

multicanonical ensemble (defined in [12]). A number of improvements towards better algorithms

seem to be possible. So far we have gained pratt.iea,1 experience in multicanonical simulations of

first order phase transitions [7,10,11,13,14,17,20] and for spin glass systems [15,16,19].

Originally our work started with first order phase transitions, a,nd the multicanonical method

seems now to be well recognized in this field. At. the Jiilich workshop "Dynatmics o.[ First Order

Phase TransitioT_s" six talks reported results relying on multicanonicM simulations, additionally

the method was mentioned in several other ta.lks, including the one by Binder. Besides our group

O two more collaboration reported multica.nonical simulations. (;rogman, Trappenberg and Wiese

from the HLRZ .]{ilich did an exploratory study of the Lt, -- 2 SU(3) deconfining phase transition.

Borgs and Kappler (FU-Berlin) used the method to perform an investigation of the "Equal weight

versus equal height" problem, which plays some role in the finite size scaling (FSS) theory of first.

order transitions. Both collaborations agreed that. l.he multicanonical method works and enables

hitherto impossible calculations. In our own work we ha.ve continued FSS scaling studies of 2d Potts

models. The 10-state model was our first applicationa, l target. [7]. In case of the 7-state model [10]

we provided evidence that surface tension estimates in the previous literature (Potvin and Rebbi;

Kajantie el. al.) are off by an order of magnitude. F/eference [10] contains also a very preliminary

estimate of the L_ = 2 S1t(3) surface tension. To clarify questions about the asymptotic FSS lheory,

we have recently turned t.o the 20-state model [20]. Besides studying Ports models, we employed a

multimagnetic variant o[' the method I.o estimate the order-order surface tension of Ising models.

Exact. 2d results are reproduced wil.h high precision [11,14]. In 3d a. new estimate of the surface

tension amplitude is provided [13,17]. This quantity is of physical interest as it allows comparison

@
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with experimental results frmn fluids which populate the Ising model universality class. The largest.

O improveinent factor which we obtained, as compared to standard canonical simulat.ions, is about

10 t_0 for one of the relevant 3d Ising model data points.

More recent are applications of the multicanonical nlethod to systems with conflicting constraint,

a line which has now also been pursued by Marinari and Parisi. In our work we studied the 2d

Edwards-Anderson Ising spin glass [15,16] and found greatly improved ergodicity times. Similarly,

remarkable inlprovelnents are report.ed in the Marinari-Parisi paper. We also intend to publish

exploratory results for the physically more interesting 3d Edwards-Anderson Ising spin glass [19].

More generally, the multicanonical ensemble opens new horizons for simulations of the large class

of systems which have to cope with conflicting constraints. Likely our method is going to replace

sinlulated annealing, a method which stands out because of its generality.

lr, other developments, we have published our senlinal paper [8] on multi-histograms techniques,

applied to FSS investigations [1,2] of the SU(3) pure gauge theory. Reference [3,4] cover relevant.

aspect, concerning, the statistical analysis of such M(I data. A pilot study [9] was carried out. for the

deconfining phase transition in full QCD with four flavors. In view of our recent, progress, multi-

histogram methods seem now to be obsolete. [n future, simulations of the nlulticanonical ensemble

O should be carried out for these and, if the these methodssysteillS teraflop project [61gets funded,:

will also beconle relevant in this context.

{)itr project to simulate 4d SU(2) pure lattice gauge theory, the simplest asymptotically free

theory iii four dimension, on a Regge skelel.on to include quantum gravity, has made progress. A

paper on the theoretical parts, as well ns reporting exploratory M(I data is in preparation [18].

Task B - Summary of Proposed Future Work

It seems to be fair to say that the multicanonical method has been a relevant breakthrough.

This statement has thoroughly been de|_mnslrated for first order phase transitions, but likely the

range of relevant applications is much wider. Over the next year we intend to concentrate on

exploring further the pot.ent, ial of the multicanonical ensemble [12].

Rather st, raighl, forward a,pplical, iolls are firsl, order phase transitions in QCD and other gauge

lheories. In particular, we pla, n 1,o clarify some old questions concerning the li(l) phase transition.

A recent, mllll.i-hisl, o/Zr_ttll study of l,his s3"st,el_l (\'Yuppertal l)reprinl, by Bhanot, el, al.) encountered

O severe problems as no ow.'rlap of the histograms coul(l be achieved for L -- 1.6.
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Less straightforward is the questions of better algorithms ibr multicanonical simulations. We

O will explore several directions. A notable one is the possibility of a replica-cluster algorithm.

Presumably a mlmber of groups will now embark on such projects. Additional interest has certainly

been stimulated by the Marinari-Parisi paper. Still, we think that our group is substantially ahead

in some of the key questions.

Our spin glass simulations [15,16] came up with promising results. Directly along this line we

intend to perform a larger scale simulation of the 3d Edwards-Anderson Ising model, which should

lead far beyond our exl)loratory results [119]. It has remained controversial whether Parisi's mean

field picture provides the appropriate ground state picture for this model, or whether a droplet

model can be applied. Worse, due to recent work by Bhanot, is seems now even be controversial

whether the model has a finite temperature phase transition or not. Previous MC simulations have

remained fairly inconclusive due to the famous "supercritical" slowing down. Likely v:e are able to

overcome this problem, and to reach physically interest.ing conclusions. Concerning other spin glass

problems, Binder and lReger (Mainz University) have expressed interest in collaborations. After we

have clarified the algorithmic problems, ii. seems to be a good idea to involve such well-known spin

glass experts.

O Beyond spin glasses, there is a tremendously large class of syst.ems for which previous simulations

suffered from similar problems of conflicting constraints. These systems include neural networks,

protein folding, optimization problems like the travelling salesman, and many other issues. Due

to manpower, it is clear that we will not be able to make relevant contributions in ali these fields.

However, initial demonstrations may be feasible. Neural networks are of direct interest to high en-

ergy physics, for instance in connection with the SSC. Therefore, we feel that DOE should a.t least

provide funds to pursue one or two of these direction in more details. This is only possible, if the

present task B budget becomes substantially expanded, as explained in the subsequent budgetary

notes.

O
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1991 - 1992 Publications

Task A

A. Papers Published

1. An Updated Set of Parton Distribution Parametrizations, J.F. Owens, Physics Letters B266,
126 (1991).

2. Event Structure in Photon Plus Two-Jet Final States, S. Keller and J.F. Owens, Physics
Lctters B269, 445 (1991).

3. Latest Software, Hardware Serve High-Energy Phenonlenology, H. Ba.er and W.F. Long,
Computers in Physics V6, 24 (1992).

4. W and Z Production at. pi0 Colliders: Parton Showers Merged with O(c_s) Monte Carlo
Approach, H. Baer and M.H. Reno, Physical Review D45, 1503 (1992).

5. Multi-lepton Signals from Supersymmetry a.t Hadron Supercolliders, H. Baer, X. Tara, J.
Woodside, Physical Re t,zeu, D45, 142 (1992).

6. Update of the Effect of Cascade Deca.ys on the Fermilab Tevatron Gluino and Squark Mass
Bounds, H. Baer, X. Tata, J. Woodside, Physical Review D44,207 (1991).

7. Phenomenology of Light Top Squarks at. the Fermilab Tevatron, H. Baer, M. Dress, R.
O Godbole, J. Gunion, X. Tat.a, Physical Review D44,725 (1991).

8. Complete O(_s) Event ('enerator for Pi_ -_ W +X -' e+uX with Parton Showering, H. Baer,
M. Reno, Physical Review D44, R3375 (1991).

9. Order (_s) (',alculation of Hadronic W- W + Production, J. Ohnemus, Physical Revieu' D44,
1403 (1991).

10. Comparative Study of the Benefits of Forward Jet Tagging in Heavy-Higgs-Boson Production
at. the Superconducting Super Collider, V. Barger, K. Cheung, T. Han, J. Ohnemus, D.
Zeppenfeld, Ph.qsical Review D44, 1426 (1991).

11. Order (os) (',alculation of Hadronic W+Z Production, J. Ohnemus, Physical Review D44,
3477 (1991).

12. Neutralino and Chargino Production in Association with Gluinos and Squarks, H. Baer, D.
Dzialo-Karatas, X. Tata, Proceedings of the Large Hadron Collider Workshop, Eds. Jarlskog
and Rein, p. 654, (!El:IN Report 90-10, (19.01).

13. Searching [;or the Higgs in ep (',ollisions at LEP/LH(I, (;. Grindhammer, D. Haidt, J. Ohne-
rous, .l. Vermaseren, D. ZepI)enfeld , Pr'occcdi_gs o.[ the Large Hadron (,'ollider Workshop,
Eds. ,larlskog and Rein, p. 967, (',EtlN Report 90-110, (11991).

14. Electroweak Vector Boson Production in ttigh Energy cp Collisions, U. Baur, J. Vermaseren,
D. Zel)penfeid, Nuclear" Physic.,; B375, 3 (1._92).

15. Supersynlmetry a.t Supercolliders, H. Baer, Proceedings of the 1991 DPI;' Meeting in Van-
couver, Eds. Axen, Bryman and Colnyn; p. 472, World Scient.itic Press (1992).

O 16. An O(os) Monl.e (,arh)for 1I' Product.ion with Partoil Showering, tl. Baer, Proceedings?
of the 1991 DPF Meeting in Vancouver, Eds. Axen, Bryman and Comyn; p. 705, World
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Scientific Press (1992). Also in Proceedings of MC91, Detector and Event Simulation in HEP,

O ans van Eijk, p. 490, NIKHEF, (1991).
Eds. K. Bos

17. An Order Os (',aiculation of Hadronic ZZ Production, .J. Ohnemus and J. F. Owens, Phys.
Hey. D43, 3626 (1991).

18. Improved lkleasurements of Electroweak Parameters From Z Decays into Fermion Pairs, M.
Ikeda, .J. Lannutti, D. Levinthal, L. Sawyer, el al (ALEPH Collaboration - 380 authors).
Zcitschrt_ fiir phgsil; C53, I (1992).

19. Electroweak Parameters of the Z ° Resonance and the Standard Model, M. Ikeda, J. Lannutti,
D. Levinthal, L. Sawyer, el al (ALEPH Collaboration - 380 authors). Physics Letters B276,
247 (1992).

20. Measurement of the Charged Particle Multiplicity Distribution in Hadronic Z Decays, M.
Ikeda, J. Lannutti, D. Levinthal, L. Sawyer, ct al (ALEPH Collaboration - 380 authors).
Physics Letters B273, _81 (1991).

21. Search for the Neutral Higgs Bosons of the MSSM and Other Two-Doublet models, M. Ikeda,
J. Lannutti, D. Leviilthal, L. Sawyer, el al (ALEPH Collaboration - 380 authors). Physics
Letters B265, 475 (1991).

22. Production and Decay of (!harmed Mesons at the Z Resonance, M. Ikeda, J. Lannutti, D.
Levinthal, L. Sawyer, el al (ALEPH Collaboration - 380 authors). Physics Letters B266,
218 (1991).

23. Measurement of the P._larization of r Lel)tons Produced in Z Decays, M. Ikeda, J. Lannutti,
D. Levinthal, L. Sawyer, ct ai(ALEPH Collaboration- 380 authors). Physics Letters B265_
430 (1991).

24_ Search for a New Weakly Interacting Particle, M. Ikeda, J. Lannutti, D. Levinthal, L. Sawyer,

et al (ALEPH (!ollaboration - 380 authors). Physics Letters B262, 139 (1991).
2.5. ('harged Particle Pair Production Associated with a Lepton Pair in Z Decays. Indication of

an Excess in the Tau Channel, M. Ikeda, .J. LanImtti, D. Levinthal, L. Sawyer, et ai(ALEPH
Collaboration- 380 authors). Physics Letters B263, 112 (1991).

26. MeasuremeIlt of the Forward-Backward Asymmetry in Z ----,. bl) and Z --, cO, M. Ikeda_
J. LanIlutti, D. Levinthal, L. Sawyer, ct _l (ALEPH Collaboration - 380 authors). Physics
Letters B263, 325 (1991).

27. Measurement of Isolated Photon Production in Hadronic Z Decays, M. Ikeda, J. Lannutti,
D. Levinthal, L. Sawyer, ct al(ALEPH Collaboration- 380 authors). Physics Letters B264,
476 (1991).

28. Measurement of the Tau Lepton Lifetime, M. Ikeda, J. Lannutti, D. Levinthal, L. Sawyer,
ct al (ALEPH Collaboration - 380 authors). Physics Letters B279, 411 (1992).

29. A Study of Bose-Einstein (lorrelations in c -__- Annihilation at 91 GeV, M. Ikeda, J. Lan-
nutti. D. Levinthal, L. Sawyer, ct _l (ALEPIt ('ollaboration - 380 authors). Zeitschrtf4 fiir
Ph.q.cit' ('. 54, 75 (1992).

30. Search for the II(3.1 ) --- ApTr's Fronl iil)Interactions at 8 GeV/c, A Boehnlein, D. Boehnlein,
3.H. (_;oldman, \". Hagopi_,n and P. t_ulon 3. Nuclear Physics B21, 174 (1991).

31. Partial Wave Analysis of h'I(r_ from pp ....., h "+,_'07r- X at 8 (;eV/c, A Boehnlein, D. Boehn-
lein, .I.H. (loldinan, V. Hanoi)ian and P. lluioIl 3, Nl_clear Phgstc._ B21, 142 (1991).

32. Preliminary l)artial-Wave Analysis of the h "-! h'" str System Produced in 8 GeV/c K-p

O Interactions. A. Boehnlein. D. Boehnlein, ,]. (;oldman, V. Hagopian, P. Rulon 3, NuclearPhgs_c¢ B21, 11 (]991).
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33. EMPACT: A Detector for High-pT Physics at the SSC, J. Womersley, Nuclear Physics A23,

O 24 (1991).

34. Radiation Damage Tests of New Scintillating Fibers and Plates, M. Bertoldi, M. Goforth, V.
Hagopian, K. Hu, K.F. Johnson, P. R ulon 3, J. Thonlaston, H. Wahl, H. Whitaker, J. Xu,
C.A. Young, [:_roceedin, gs of 1990 Sy17_posiitl_l on Detector Research and Development .for the
SSC, Fort Worth, Eds. Dombeck, Kelly and Yost, p.674, World Scientific Press (1991).

35. Effect of Radiatioil-Induced Discoloration of the Cladding on Liquid Scintillating Fibers,
V. Hagopian, K. H,.:, K.F. Johnson, J. Tholnaston, H. Whitaker, et al, Proceedings of 1990
Symposium on Detector Research and Development for the SSC, Fort Worth, Eds. Dombeck,
Kelly and Yost, p.677, World Scientific Press (1!1191).

36. Design of Readout Electronics for a Scintillating Plate Calorimeter, V. Hagopian, K.F. John-
son, et al, Proceedings of 1990 Symposium on Detector Research and Development for the
SS(', Fort Worth, Eds. Dombeck, Kelly and Yost, p.438, World Scientific Press (1991).

37. Radiation Damage Tests of a Scintillating Fiber Calorimeter, K.F. Johnson, et al, Proceedings
of 1990 5'gmposium on Detector Research and Development for the SSC, Fort Worth, Eds.
Dombeck, Kelly and Yost, p.672, World Scientific Press (1991).

38. A Measurement of e/rr For a Fast Liquid Argon (',alorimeter, V. Hagopian, J. Womersley,
ct al, Proceedings of 1990 Symposi,m on Detector Research, and Development for the SSC,
Fort Worth, Eds. Dombeck, Kelly and _%st,, p.354, World Scientific Press (1991).

39. llsing Octrees to IInplement CAD System Objects into GEANT, P. Dragovitsch, S. Youssef,
J. Woinersley, Proceedings of MC91, Detector and Event Simulation in HEP, Eds. K. Bos
ans van Eijk, p. 423, NIKHEF, (1991).

40. Graphics and Interactive Data Handling in DO, S. Hagopian, Proceedings of the 14rh Work-
shop oi the INFN Elotsatron Project, Data Structures for Particle Physics Experiments, Eds.

O Brun, Kunz and 194, World Scientific Press (1991Pa lazzi, ).p.

41. Scintillators for (',alorimetry, M. Bertoldi, V. tlagopian, E. Hernandez, K. Hu, C. Immer,
K.F. Johnson and .J. Thomaston; Proceedings of the 1991 DPF Meeting in Vancouver, Eds.
Axen, Bryman and Comyn; p. 1164, World Scientific Press (1992).

B. Accepted for Publicatioii

1. Parton Distribution Functions of Hadrons, J.F, Owens and W.K. Tung, to be published in
Annual Rev_e,,s of Nuclear and Particle Science.

2. Observability of 3") Decays of Higgs Bosons from Supersymmetry at. Hadron Supercolliders,
H. Baer, (!. Kao, M. Bisset, X. Tsta, Physical Review D - in press.

3. Supercollider Signals from Gluino and Squark Decays to Higgs Bosons, H. Baer, M. Bisset,
X. Tats, ,J. Woodside, Ph.qsical Review D - in press.

4. Probing the WW') Vertex iii c:_-p -_ u')X, Ii. Baur and M.A. Doncheski, FSU-HEP-920225,
1992. Phys_cal Rcl,icu, I)- _n press.

5. RadiatioI! Resistant Scintillating Fibers, 3,'I. Bertoldi, M. ('oforth, V. Hagopian, K. Hu, K.F.
Johnson, P. Rulon 3, J. ThomastoIl, H. Wahl, It. Whitaker, J. Xu, (I.A. Young, to appear
in the proceedings of the Snowmass DPF Suminer Study on High Energy Physics, (1990).

6. Direcl Photon Production..I.F. Owens and Jianwei Qiu, to appear in the proceedings of the
Snowmass I)PF S/tnlnler Study _m l ligh Energy Physics, (1990).

7. The l)erfornlance and Physics Potential of the D-Zero 1)elector Operating at the SSC, W.
Ouryn, N. (;raf, T. Murl)hy..I. Wo|nersley, J. ()hnelnus, M. Fortner, D. tledin, t.o appear in

O the l)roceedings of the Snowmass DPF Sulnmer Study on High Energy Physics, (1990).



8. Supersymmetry: Current Status and Future Prospects, H. Baer, A. White, N. Amos, R. Bar-

O A. G. K.D. Dzialo-Karatas, L. Roszkowski, M. Takashima,net.t, Beretvas, Bhattacharya, De,
X. Tata, J. VVoodside, P. Yamin, to appear in the proceedings of the Snowmass DPF Smnmer
Study on High Energy Physics, (1990).

9. Event Structure in Photon plus Two-3et Final States, S. Keller and J. F. Owens, to appear
in the proceedings of the Snownlass DPF Sunlnler Study on High Energy Physics, (1990).

10. Heavy Flavor Production and Top Quark Search at Hadron Colliders, tt. Baer, to appear in
the proceedings of the Workshop on High Energy Physics Phenomenology, Clacutta, India,
January 1991.

11. New Particle search and Structure Functions: Group Report, H. Baer, to appear in the
proceedings of the Workshop on High Energy Physics Phenomenology-II, Clacutta, India,
January 2-1Sth, 1991.

12. W - and Z -Boson Production at ep Colliders, II. Baur, to ai)pear in the proceedings of the
XXVIIth Recontres de Moriovd "QCD and High Energy Hadronic Interactions", Les Arcs,
Savoie, France, March 22-28 i992.

13. Single Tile-Fiber Unit of SD(! Calorimeter, V. Hagopian, E. Bartosz, M. Bertoldi, E. Her-
nandez, K. Hu, C. Immer, K.F. Johnson, J. Thomaston and H. Whitaker; to be published in
Proceeding of the International Conference on Radiation Tolerant Scintillators and Detectors,
Florida State University (1992) to appear in periodical Radial.ion Physics and Chemistry.

14. Machining of Scintillator Tiles for the SDC (',alor/l_.,t.er, M. Bertoldi, E. Bartosz, C. Davis, V.
Hagopian, E. Hernandez, K. Hu, C. hnmer, and 3. Thomaston; to be published in Proceeding
of the International Conference on Radiatioi1 Tolerant Scintillators and Detectors, Florida
State University (1992) to appear in periodical Radiation Physics and Chemistry.

15. Fiber SI)uttering and Painting, E. Hernandez, E. Bartosz, M. Bertoldi, V. Hagopian, K. Hu,

O C. K.F.J. Thomaston and H. Whitaker; to be inInllller, Johnson, published Proceeding
of the International (_onference on Radiation Tolerant. Scintillators and Detectors, Florida
State University (1992) to appear in periodical Radiation Physics and Chemistry.

16. Pre-Radiation Enviromental Effects on Radiation Damage of Scintillator Bases, H. L. Whitaker
and K.F. Johnson;to be published in Proceeding of the International Conference on Radiation
Tolerant Scintillators and Detectors, Florida State University (1992) to appear in periodical
Radiation Physics and Chemistry.

17. An Order as Monte Carlo Calculation of Hadronic Double Photon Production, B. Bailey,
J. Ohnemus. and J. F. Owens, to appear in Phys. Rev. D.

18. ComparisoiI of PWA Results of K+K°src- Final States Produced in 8 Gel' _"/c K-p, Tr-p and
pp Interactions, J.H. GoldInan, V. Hagopian, P. Rulon 3, A. Boehnlein, D. Boehnlein, et al,
proceedings of 4th International C,onference on Hadron Spectroscopy.

C. Papers Submitted for Publication

1. An Investigation into InterlnitteIlcy, M. Ike(la, .I. Lannutti, D. Levinthal, L. Sawyer, _'t (71
(ALEPH ('.ollaboration - 380 authors). ('ERN-PPE/!:)I-121, submitted to Zeitschrif4 fiir
Ph.qsd' C.

2. Evidence for the Triple-Gluon Vertex from Measurements of the Q('.D Colour Factors in Z
Decay into 4 .Jets. M. lkeda, J. La nnutti, D. l_evinthal, L. Sawyer, et al (ALEPH Collabora-
tion- 380 authors). (IERN-PPE/92-31, submitted to Ph!isles Letters B.

3. Measurement ,)t' the Al)solute Lunfinosity with the ALEPH Detector, M. Ikeda, .I. Lannutti,
D. Levinthal, [,. Sawyer, et :tl(ALEPtt (lollaboration - 380 authors). (IERN-PPE/91-129,

submitted to Zettschr_(t .fiir Phg,sik ('.
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4. Measurement of _s in Hadronic Z Decays Using All-Orders Resmnmed Predictions, M.

O Ikeda, J. Lammtti, D. Levinthal, L. Sawyer, et (ALEPH Collaboration - 380 authors).a/

CERN-PPE/92-33, subnfitted to Physics Letters B.

5. Measurement of Tau Branching Ratios, M. Ikeda, J. Lannutti, D. Levinthal, L. Sawyer, et
al (ALEPH Collaboration - 380 authors). CERN-PPE/91-186, submitted to Zeitschrift ft'Lr
Physik ('.

6. Evidence for b Baryons in Z Decays, M. Ikeda, J. Lannutti, D. Levinthal, L. Sawyer, el al
(ALEPH Collaboration- 380 authors). CERN-PPE/91-229, submitted to Physics Letters B.

7. Searches for New Particles in Z Decays [_Ising the ALEPH Detector, M. Ikeda, J. Lannutti,
D. Levinthal, L. Sawyer, el al (ALEPH Collaboration- 380 authors). CERN-PPE/91-149,
submitted to Physics Reports.

8. Observation of the Semileptonic Decays of Bs and Lambda(b) Hadrons at LEP, M. Ikeda,
J. Lannutti, D. Levinthal, L. Sawyer, el al (ALEPH Collaboration - 380 authors). C,ERN-
PPE/91-149, submitted to Physics Letters B.

9. Production of a PseudoscMar Higgs with a Z Boson from Gluon Fusion, C. Kao, FSU-HEP-
911205, submitted to Physical Review D

10. Radiation Damage Tests on a Scintillating Fiber Calorimeter, K. Johnson, D. Hertzog, S.
Hughes, P. Heimer, It. Tayloe, submitted to Nuclear Instrume,ds and Methods.

11. Searching for the CP-Odd Higgs Boson of the Minimal Supersymmetric Model at Hadron Su-
percolliders, C. Kao, H. Haber, J. Gunion, FSU-HEP-911222, submitted to Physical Review
D.

12. Snagging the Top Quark with a Neural Net., H. Baer, D.D. Karatas, G. Giudice, FSU-HEP-
911130, submitted to Ph qsical Review D.

O 13. Beam Tests of the DO Uranium Liquid Argon End Calorimeters, J. Womersley, S. Hagopian,
H. Wahl, R. Madden, H. Piekarz, J. Xu, S. Linn, W. Dharmaratna, S. Youssef, R. Avellaneda,
M. Goforth, et al (The DO Collaboration - 217 Authors), submitted to Nuclear Instruments
and ]llethods in Physics Research.

14. Evidence for Two-Baryon Strangeness -1 States in Reactions K-d -0, 7r-X and If-- 3He
_'+,,X at 870 MeV/c, H. Piekarz, submitted to Physical Review D.

15. The Search for Itiggs Bosons of Minimal Supersymmetry: hnpact of Supersymmetric Decay
Modes, H. Baer, M. Bisset, C. Kao, and X. Tara, FSU-HEP-920630, submitted to Physical
Review D.

16. Single Quark Polarization in Quantum Chromodynamics Subprocesses, W.G.D. Dharmaratna
and Gary It. Goldstein, submitted to Physical Review D.

D. Ph.D. Dissertations

1 A Study of Angular Dependence in Parton-Parton Scattering from Massive Hadron Pair
Production Herman B. White (19!}1).

2 A Study of the Charge Assymetry in Hadronic Events Produced in Electron-Positron Colli-
sions at Z Resonance. H. Lee Sawyer, Jr. (1991).
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A. Papers Published

1. (Ian a Pb/SCIFI C,alorimet('r Survive the SSC?, K.F. Johnson, et al., Proceedings of the
Workshop oll tladiation Hardness of Plastic Scintillators, FSU, 1990, Ed. K. Johnson, 93-
103, Florida State University (1991).

2. Sunmlary of Workshop on Radiation Hardness of Plastic Scintillators, K. Johnson, Proceed-
ings of the Workshop oil Radiation Hardness of Plastic Scintillators, FSU 1990, gd. K.
Johnson, 127-130, Florida State University (1991).

3. Average Fraction of Jet Momentunl Carried by High PlT) Hadrons. With G. Boca, D.
Levinthal, F. Lopez, C. ('eorgiopoulos, H. Goldman, S. Hagopian, V. Hagopian, K.F. John-
son, J. Streets, K. Streets, H.B. White (Florida State Univ.), M. Crisler, A. Lat.hrop, S.
Pordes (Fermilab), M. Cummings, H.R. Gustafson (Michigan Univ.), Z. Phys. C49, .543
(1991).

4. CAD Tools for Detector Design, J. Womersley, proceedings of the International Industrial
Symposium on the Supercollider, Miami Beach, Florida (1990).

5. Atomic-Weight Dependence of the Production of Hadron Pairs by 800-GeV/c Protons on
Nuclear Targets, K. Streets, C. Boca, C. Georgiopoulos, J.H. Goldman, S. Hagopian, V.
Hagopian, K.F. Johnson, D.M. Kaplan, D. Levinthal, F. Lopez, H.L. Sawyer, J. Streets,
H.B. White,('. Young, el al, Phys. Rev. Left. 66, (7),864 (1991).

O 6. Production of ttigh P_ .lets in Hadron-Nucleus Collisions, S. tlagopian, et al, Phys. Rev.D42, 1385 (1990).

7. Photoproduction of an lsovector pcr State at 1775 MeV, Phys. Rc t,., D43, 2787 (1991).

8. New Tools for the Simulation and Design of Calorimeters, W.J. Womersley Nuc. Instr. and
Methods A289, 475 (1990).

9. Absorbing ('AD System (;eometries into GEANT, J. Womersley, et al, Nucl Instr and Meth
A289, 475 (1990).

10. Heavy Flavour Production in Z Decays, M. Ikeda, J. Lannutti, D. Levinthal, L. Sawyer, et
al (ALEPH (',ollaboration - 380 authors). Phys. Left. B244, 551 (1990).

11. Search for Neutralino Production in Z Decays, M. Ikeda, J. Lannutti, D. Levinthal, L. Sawyer,
et al (ALEPH C_ollaboration - 380 authors). Phys. Loll. B244, 541 (1990).

12. Search for a Very Light Higgs Boson in Z Decays, M. Ikeda, J. Lannutti, D. Levinthal,
L. Sawyer, et al (ALEPH (',ollaboration - 380 authors). Phys. Left. B245, 289 (1990).

13. Searches for the Standard tIiggs Boson, M. lkeda, .]. bannutti, D. Levinthal, L. Sawyer, et
al (ALEPH (',ollai)oration-380 authors). Phys. I;ctt. B246,306 (1990).

14. Measuremenl of the Electroweak Parameters From Z Decays [nto Fermion Pairs, M. Ikeda,
J. Lannulti, D. Levinthal, L. Sawyer, el al (ALEPH (',olla.1)oration - 380 authors). Zeitschrifl
.[iir Ph qsil_' C48,365 (1990).

15. Search for Excited Neutrinos in Z Decay, M. Ikeda, .1. Lannutti, I). I,evinthal, L. Sawyer, et
al (ALEPH ('ollaboration - 380 authors). Ph cls. Left., B250, 172 (1990).

16. Measurement of the Strong C,oupling ('.onstant ALPltA-S from Global Event Shape Vari-

O al)les of Hadronic Z Decays, M. lkeda, .]. [,annutti, l). Levinthal, L. Sawyer, et al (ALEPH(Mlaboration-380 authors)Phys. Lelt. B255,623 (1991).
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17. Measurement of ALPHA-S from the Structure of Particle Clusters Produced in Hadronic Z

O M. Ikeda, J. Lannutti, D. Levinthal, L. Sawyer, el. al (ALEPH Collaboration - 380Decays,
authors). Phys. Left. B257,479 (1991).

18. Mea.surenlent. of the B Hadron Lifetime, M. Ikeda, d. Lannutti, D. Levinthal, L. Sawyer, et
al (ALEPH (',ollaboration - 380 authors). Ph!ts. L_'lt. B257, 492 (1991).

19. Measurement of B-Ant.i-B Mixing a,t. the Z, M. lkeda, J. Lannutti, D. Levinthal, L. Sawyer,
et al (ALEPtt Collaboration - 380 authors). Ph.qs. Left. B258, 236 (1991).

20. Measurement ot' C,harge Asymmetry in Hadronic Z Decays, M. Ikeda, ,I. Lannutti, D. Levinthal,
L. Sawyer, el al (ALEPH Collaboration- 380 authors). Phys, Left. B259, 377 (1991).

21. Studying the Standard Model Through Leptonic Decay of the Z °, D. Levinthal, Proceed-
ings of the XXInternat.ional Symposium on Multiparticle Dynamics, Gut Hohnecke near
Dortmund, Germany, (1990) p. 35.

22. Charge Asymmetry in Z .... q_, Proceedings of the XXInternational Symposium on Multi-
particle Dynalnics, Gut Holmecke near Dortmund, Germany, (1990) p. 92.

23. (!onstraints on Supersymmetric Particles from the LEP data. on Z ° Decay Properties, H. Baer.
M. Drees and X. Tata, Phys. Rev. D41, 3414 (11990).

24. Detecting very massive top quarks at. l he Tevatron, H. Baer, V. Barger, J. Ohnemus, and
lR..J.N. Phillips, Phys. lRev. D42, 54 (1990).

25. A Next.-to-beading-Logarithm Calculation of Direct Photon Producl.ion, by H. Baer, J. Ohne-
rous, and .l.F. Owens, Phys. Rev. D42, 61 (1990).

26. Z°-+jets-_ Missing Transverse Momentunl Event.s ns a Signal for Supersymmetry at. the Teva-
tron Collider, H. Baer, X. Tat a and .J. Woodside, Physical lRev. D42, 1450 (1990).

O
27. Phenomenology of (;luino Decays via. Loops and Top-Quark Yukawa Coupling, H. Baer,

X. Tat.a and J. Woodside, Physical Rev. D42, 1568 (11990).

28. Gluino and Squark Production in Association wit.h (lauginos at. Hadron Supercolliders,
H. Baer, D. Dzialo-I(aratas and X. Tata PhysicM lRev. D42, 2259 (1990).

29. O(a._) ('orrections t.o Observables ffonl pii -, |'V --_ euX, H. Baer and M. H. Reno, Physical
[-{ev. D43, 2892 (1.991).

•30. An order _._:scalculation of hadronic ZZ production, J. Ohnemus and J. F. Owens, Phys.
lRev. D4a, 3626 (1991).

31. lReport of t.he Collider Physics (New Particles) working Group, H. Baer with J. Freeman
et al., in the proceedings of Physics at Vermilab in the 1990's Breckenridge, Colorado (1989)
p. 224.

32. Fixed Target Electrowe_k and Hard Scatterin_ Physics, J. V. Owens (with the Fixed Target
Electroweak and Hard Scatt.ering Group), in i.he proceedings of Physics at. Fermilab in the
1990's, Breckenridge, ('olorado (1989) p. 358.

33. A Nexl-t(_-l,eading-Logaritllm Monte (',arlo (',;_lcula.tion for Direct Phol.on Production, .l.F. Owens,
in the proceedings of the [)P[_'9() ('.onference, [|oust.on, Texas (1990) p. 559.

3,1. Supersymlt_etry al _:-t¢,- and pj_ (lolli(lers, H. Baer, in the proceedings of the DPb-'90 Con-

O ference, l lou,_ton, Texas (19!_0) p. 919; also in t.l_e proceedings of the Lake Louise WinterInstitute, (1990) p. 323.
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35. Next-to-Leading-Logarithm Calculations of Direct Photon Production, J. F. Owens, in the

proceedings of the Workshop Hadron Structure Functions and Part, on Distributions, Fer-
on

milab (1990) p. 264.

B. Workshop Proceedings

1. Workshop on Radiation Hardness of Plastic Scintillators, March 1990 held at FSU. Ed. K.
Johnson 131. Published by Florida State University (1991).
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O 1989 - 1990 Publications

(Task A)

A. Papers Published.

1. Hadron and Electron Response of Uranium/Liquid Argon Calorinleter Modules for the DO
Detector, S. Hagopian, S. Linn, H. Piekarz, H. Wahl, W. Womersley, S. Youssef, et al.,
Nuclear Inst.ruments and Methods A280, 36 (1989).

2. A Dependence of Highly Inelastic p-nucleus Collisions, S. Hagopian, et al., Phys. Rev. D41,
1371 (1990).

3. Radiation Damage Studies in Plastic Scintillators with a 2.5 MeV Electron Beam, K. John-
son, V. Hagopian, .]. Thomaston, H. Wahl, ct al., Nuclear Instruments and Methods, A281,
.500 ( 1989 ).

4. New Tools for the Simulation and Design of (',alorimeters, W. J. Womersley, Nuclear Instru-
ments and Methods, A289, 475 (1990).

5. High Dose Calorimetry with Scintillating Fibers, K.F. Johnson et al., IEEE Transactions on
Nuclear Science, 37,500 (1990).

6. Determination of the Number of IAght Neutrino Species, M. Corden, (',. Georgiopoulos, H.
(loldman, M. Ikeda, J. Lannutti, D. Levinthal, M. Mermikides, L. Sawyer, et al., Phys. Lett.
B231, 5119 (1989).

7. Search for Excited Leptons in Z 0 Decays, M. Corden, C,. Georgiopoulos, J.H. Goldman, M.

O Ikeda, .l. I_annutti, D. Levinthal, M. Mermikides, L. Sawyer, G. Stimpfl, et al., Phys. Lett.B236, 501 (1990).

8. A Precise Determination of the Number of Families with Light Neutrinos and of the Z
Boson Partia.l Widths, M. (',orden, C. ('eorgiopoulos, H. Goldman, M. Ikeda, J. Lannutti,
D. Levinthal, M. Mermikides, L. Sawyer, ('. Stimpfi, ct al., Phys. Lett. B235, 399 (1990).

9. A Search for New Quarks and Leptons from Z ° Decay, M. Corden, C. Georgiopoulos, H.
Goldman, M. Ikeda, .]. I_annutti, D. Levinthal, MI. Mermikides, L. Sawyer, G. Stimpfl, et al.,
Phys. Lett. B236,511 (1990).

10. Properlies of Hadronic Events in e+e-- Annihilation at @__= 91 GeV, M. Corden, (',. Geof
giopoulos, [t. Coldman, M. lkeda, .]. [,annutti, D. Levinthal, M. Mermikides, L. Sawyer, et
al., Phys. Left. B234, 204 (1990).

11. Determination of the Leptonic Branching Ratios of the Z, M. C,orden, C. Georgiopoulos, H.
Goldman, M. Ikeda, J. Lanmltti, D. Leviilthal, M. Mermikides, L. Sawyer, et al., Phys. Lett.
B234, 399 (1!_90),

12. Search for the Neutral Higgs Boson for Z ° l)ecay, M. (!orden, (I. ('eorgiopoulos, H. Goldman,
M. Ikeda, .]. l,annutti, D. Levinthal, M. Merlnikides, L. Sawyer, el al., Phys. Lett. 236,233
( 1990 ).

13. The ('luon ('.ontent of the Nucleon Probed with Real and Virtual Photons, P. Aurenche, R.
Baier, _I. Fonta, nnaz, .1. F. Owens, and M. Werlen, Phys. Rev. D38, 3275 (1989).

14. WW Signatures From Top Quarks a,t the Tevatron, I1. Baer, V-. Barger, a.nd R.J.N. Phillips,
Phys. tlev. D39, 280.q (I.tl89).

O 15. Search for Top Quark l)ecays 1o ]teal W Bosons at the 'l_evatron Collider, H. Baer, V. Barger,and [_..I.N. Phillips, Phys. l_ev. D39, 3310 (1!189).
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16. A Next-to-Leading-Logarithnl Calculation of Jet Photoproduction, H. Baer, J. Ohnemus,

O and J.F. Owens, Phys. Rev. D40, 2844 (1989).

17. Perturba, tive QCD (lalculations of Weak Boson Production in Association with Jets at
Hadron Colliders, V. Barger, T. Han, ,J. Ohnemus, and D. Zeppenfeld, Phys. Rev. D40,
2888 (198.q).

18. Expectations for Two- and Three-jet Events at ttERA, H. Baer, J. Ohnennts, and J.F. Owens,
Z. Phys. C42, 657 (1!)89).

19. Dileptons from (!hargino and Stop Production at the Tevatron, H. Baer, V. Barger, R.J.N.
Phillips, and X. Tata, Phys. Lett. B220, 303 (1989).

20. Top Quark I)etection via W.n Jet Measurements, H. Baer, V. Barger, lR. J.N. Phillips,
Phys. Lett. B221., 3f'8 (1989).

21. QCD Predictions for the Jet. Activity in Direct Photon Events at the Tevatron, V. Barger,
T. Han, J. Ohnemus, and D. Zeppenfeld, Phys. Lett. B232, 371 (1989).

22. Hadronic W-decays at HERA, H. Baer, J. Ohnemus, and D. Zeppenfehl, Z. Phys. C43, 67.5

23. Searchiug for Supers/mmetry at c t-e- Supercolliders, A. Bartl, H. Baer, D. Karat.as, W.
Majerotto, and X. rI,'t.a, hit. J. Mod. Phys. A4, 4111 (198..0).

24. Effect of (lascade Decays on the Tevatron Cluino and Squark Mass Bounds, H. Baer, X.
Tata, and J. Woodside, Phys. Rev. Lett. 63, 3.52 (1989).

2,5. Some Recent De :.:}opments in the Determination of Parton Distributions, J. F. Owens, Pro-
ceedings of t',m St. Croix Advanced Research Workshop on QCD Hard Hadronic Processes,
ed. by B. Cox, (Plenum, New York) 279 (1989).

O 26. Higher Ordcr (!alculations for Hard Scattering Processes, J.F. Owens, Proceedings of the1.t)88 I)PF Conference U (' ' ', . ,onn., Storrs, (,on.nectlcut, .570 (1989).

27. Ghtino (!ascade Decay Signature a.t.the Tevatron Collider, It. Baer, X. Tara, and J. Woodside,
Phys. Hey. D41,906 (119.()0).

28. A (',alculat.ion of the Direct. Photon Plus ,Jet (!ross Section the Next-to Lea.ding-Logarithnl
Approximation, H. Baer, .I. Ohnenlus, and ,I.F. ()wens, Phys. Lett. B234, 127 (1990).

29. Pair Production of W-_,'), and Z in Association with Jets, V. Barger, T. Hail, J. Ohnemus,
and D. Zel)l)enfeld , Phys. Rev. D41, 2782 (1990).

30. Next-to-Leading-IJogarithm Calculation of Direct. Photon Production, H. Baer, J. Ohnemus,
and J.F. Owens,Phys. Rev. D42, 61 (1990).

31. Searching for 100-300 GeV Gluinos at the Tevatron and SSC, Ii. Baer, X. Tata, and J.
Woodside, High Energy Physics in the 1990's, Snowmass, (1988).

32. New Particle Signals at the SS(', an(l at an Ilpgraded Tevatron Collider, H. Baer, ct al., tligh
Energy Physics in the 1.9!}0's, Snowmass, (71988).

33. The Search for Very Heavy To I) and the Fourtll (leneralion, H. Baer, Proceedings of the
Beyond the Standard Model (',onference, Ames. iowa, (1988).

34. Signals for Supersymmetry at (',urrent lip (!oiliders, H. Baer, Proceedings of the Moriond
Meeting on Hadronic lnteracl.ions, (l!-)8.q).

35. Effect o[" (',asca, dc Decays on ('luino and Squark Signals fron_ the Tevatron, H. Baer, et a.l.,
Procee(lings of the Internatl(real EUrol)hysics (i',onferencc, Madrid, Spain (1989).
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B. Ph.D. Dissertat, ions

Q
1. Experimental Determinat, ion of t,he Average Fract, ion of Jet, Momentum Carried by the Lea(l-

ing Hadrons Produced at, Large Transverse Momenta, Gianluigi Boca.

2. Study oi the It'+h:°rr .....Systenl Produced in the Reaction pp --_ K+-K°Tr - + X a,t, 8 GeV/c,
Amber S. Boehnlein.

3. K+-[_°rr - Production in K-p Interactions at, 8 GeV/c, David J. Boehnlein.
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O 1988 - 1989 Publications(Task A)

A. Papers Published.

1. Light Meson Spectroscopy, The D (128.5)[f1(128.5)] and E/iota (1420) [f1(1420), 71(1440)],
A. Boehnlein. D. Boehnlein, J.H. Goldman, V. Hagol)ian , D. Reeves, et al., Proceedings of

(, .the ,onterence - 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 +Ii°Tr- System, A. Boehnlein, D. Boehnlein, J.H. Goldman,
V. Hagopian, D. Reeves, ct (d., Phys. Rev. Left. 61, 1557 (1988).

3. Partial Wave Analysis of the [,(+]/-_0 ._ System Produced in the Reaction lr-p _ K+It;°Tr-7;
AT 8 (,'eV'/'c, A . Boehnlein, D. Boehnlein, J.H. Goldman, V. Hagopian, D. Reeves, el 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 _ip 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+K°Tr - System. Proceedings of
the BNL Workshop on (;luebMls, Hybrids a.nd Exotic Hadrons, Aug. 1988. Ed. S. Chung,
AIP (,onierenc_ Proceeding No 185, p. 363 (1989).

6. Diffractive Productions o[' 7r-Tr--_r + I)3:200 GeV/c rr- N Interactions, J.R. Albright, J.H.
Goldman, S.L. Hagopian, J.E. Lannutti, ct al., Phys. t:(ev. D 39, 1865 (1989).

O 7. Signatures for Fourth Ceneration Quarks and a Heavy Top-Quark ai. the SSC, H. Baer, J.
Ohnemus, ct al., Phys. Rex,. D. 38, 3467 (1988).

8. Spin correlation effects in the hadroproduction and decay of very heavy top quark pairs, by
J. Ohnemus, ct (d, Int. J. Mod. Phys. A4,617 (1989).

9. Large PT Weak Boson Production at the Fermilab Tevatron, J. Ohnemus et a.l, Phys. Rev.
Left. 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. SuIldaresan World Scientific, Singapore, p. 1. (1989).

('t11. On the Model Dependence of the .,harglno Mass Bound from the CERN Collider Data,
H. Baer el al, Phys. Rev. Da8, 1485 (1989).

12. Dileptons From (lhargino and Stop Production at. the Tevatron, H. Baer, V. Barger, R. J.
N. Phillips, and X. Tara, Phys. Left. B220,303, (1989).

13. Higgs Boson Produclioi! via, Z, W Bosons and Toponium in the E6 Superstring Model,
K. Whisnant el al, Int. J. Mod. Phys. A3, 1907 (1988).
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1987 - 1988 Publications

O (Task A)

Papers Published.

1. Two-Photon Backgrounds for the lnternwdiale Mass Higgs Boson, H. Baer and J.F. Owens,
Phys. Left. B 205,377 ([988).

2. Tot)-Quarl¢ Signatures at the Ferndlab Tevatron Collider, H. Baer, ct al., Phys. 1Rev. D 37,
3152 (t988).

3. Use of Z Lepton As3_mmetry to Determine Mixing Between Z Boson and Z' Boson of E 6
Superstring Theory, K. Whisnant, et al., Phys. [{ev. D 36,979 (1987).

4. Heavy-Z-Boson Decays to Two Bosons in E6 Superstring Models, K. Whisnant, et a.l._Phys.
lRev. I) 36, 3429 ( 1987 ).

.5. Superstrings' A Group Report., K. Whisnant, ct al., Int. J. of Mod. Phys. A 2, 1097 (1987).

6. Cauge Boson blass Shifts ['or Extended Higgs Sectors, S. R. Moore , K. Whisnant, and B.L.
Young, Phys. b/ev. D 37, 179 (1988).

7. Signatures for a New Supersymmetric Left-Right (-,'auge Model From Superstrings, K. Whis-
nant, __tol., lnl...J, of Mod. Phys. A 2, 1199 (1987).

8. Discovery Limits of New Gauge Bosons of 5'pL(6)xU (1), K. Whisnant, el. al., Int. J. of Mod.
Phys. A 2, 1327 (1987).

9. Production and Decays of Extra Cauge Bosons in a Left-Right E6 Superstring Model, K.
Whisnant. el al., Int..1. of Mod. Phys. A 3,879 (i988).

10. Broken Supersymmelry and the Divergence of the Perturbation Series in QED, Alan Axelrod,

O Phys. Left. B 196,365 (1!-)87)
11. Vector Boson Production in _upersymmetric Q(ID, A. Axelrod, Phys. Rev. D 36,765 (1987)

12. Accurate Estimate of v for the Three Dimensional-Ising Model from a Numerical Measure-
ment of its Partition Function. (;. Bhanot, S. Black, ehd., Phys. 1Rev. Left. 59, 803
(1987).

13. Phase Diagrams of the Spin-1 Ising Blume-Emery-(lriffiths Model' Monte Carlo Simulations,
Y.L. Wang, F. Lee and J.D. Kimel, Phys. Rev. B 36, 8945 (1987).

14. Partial Wave Analysis of li -_K.srr Final State, Proceedings of the Second International
Conference on Hadron Spectroscol)y, Tsukuba, Japan, 1987.

15. Rho an(l ()mega Production in rr+p Interactions at 15.7 (;eV/c, P.M. Barlow, R.K. (',lark,
R.N. Diamond, V. Hagopian, J.g. l_,annutti, (',.M. Spencer, et al., Phys. lRev. D 36, 1961
(1987).

16. A Vectorized Track Finding and Fitting Algorithm in Experiment, al High Energy Physics
Using a (_'yt)er-205, (I.I-I. ('eorgiol)oulos, .J.H. (;oldman, et (11., Nuclear Instruments and
Methods in Pllysics Research A261, 493 (1987).

17. Experimental HEP Supercomputing at FSII, D. Levinthal, .I.H. (;oldman, ct al., Comp.
Phys. (i!()mlll. 45.137 (l!)_7).

18. The llse oi" SA/SD Methods iii I)(7) Software Develoi)ment, S . Hagopian, S. Linn, el. al.,
(_omp. Phys. (forum. 45, 2,1.5(1997).
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1991 - 1992 Publications

O (TASK B)

1. Papers Published:

1) B. Berg,,1Finite Size Scaling and Spectral Density Studies, Nucl. Phys. B (Proc. Suppl.) 20
( 1991 ) 296- 299.

2) R. Villanova, N. Alves and B. Berg, jDensity of States and Finite Size ScMing Investigations,
Nucl. Phys. B (Proc. Suppl.) 20 (1991) 665-668.

3) B. Berg, jMonte Carlo Calculation of Confidence Levels for Realistic Least. Square Fitting,
C,omp. Phys. Comnlun. 69 (199!)65-75.

4) B. Berg, oDouble .Jackknife Bias (!orrected Estimators, (lomp. Phys. Commun. 69 (1992)
7-15.

5) B. Berg and T. Neuhaus, oMulticanonical Algorithms for First Order Phase Transitions,
Phys. Lett. B 267 (1991) 249-253.

6) S. Aoki et al. (The QCD Teraflop collaborations), jPhysics Goals of the QC,D Teraflop
Project, Int. J. Mod. Phys. (',2 (1991) 829-947.

7) B. Berg and T. Neuhaus, jThe Multicanonical Ensemble: A New Approach to Simulate
First-Order Phase Transitions, Phys. Rev. Lett. 68 (1992) 9-12.

8) N. Aires, B. Berg and S. Sanielevici,.1Spectral Density Study of the SU(3) the Deconfining
Phase Transition, Nucl. Phys. B 376 (1992) 218-252.

9) N. Alves, B. Berg, D. Duke, A. Irbaek and S. Sanielevici, jSpectral Density Analysis of the

Chiral Transition in ,f := 4 Finite Temperature QCD, Phys. Lett. B 280 (1992) 261-266.

2. Papers Accepted for Publication:

O 10) W. Janke. B. Berg and M. Katoot, jMonte Carlo ('.alculation of the Surface Free Energy for
the 2d 7-state Potts Model, and an Estimate for 4d SU(3) Gauge Theory, to be published
in Nucl. Phys. B.

11) U. Hansmann, B. Berg and T. Neuhaus, 3Multimagnetical Simulations, Talk given by U.
Hansmann, to appear in the Proceedings of the Workshop "Recent Developments in Com-
puter Simulation Studies in Condensed Matter Physics", (Athens GA, USA, February 16-21,
1992).

12) B. Berg, 3The Multicanonical Ensemble: A New Approach t.o C,omputer Simulations, Talk
given at the workshop "Dynamics of First Order Phase Transitions", (.Jfilich, Germany, June
1-3, 1992), to appear in Int..J. Mod. Phys. C.

13) U. Hansmann, B. Berg and T. Neuhaus, jRecent tlesults of Multimagnetical Simulations of
the Ising Model , Talk given by U. Hansmann at the workshop "Dynamics of First Order
Phase Transitions", (Jiilich, Germany, June 1-3, 1992), to appear in Inr.. J. Mod. Phys. C.

3. Papers in Preparation or Sublnitted for Publication:

14) B. Berg, ! 1. Hansmann and T. Neuhaus, jSimulalion o[' an Ensemble with varying magnetic
Field: a Numerical Determination of the Order-Order Interface Tension in the D=2 Ising
Model, prepriut, SCF/I-91-125, sub|nit.ted to 3. St.at. Phys.

15) B. Berg anti riP. (!elik, .lA New Al)proach to Spin Class Sim||lations, preprint, SCRI-92-58,
submiii.ed tC)Phys. Rev. l,et.t.

16) B. Berg and T. (lelik, .IMl|lticanonical Spin (llass Simulations, l)reprint, SCRI-92-75, sub-
mitted to Int. J. Mod. Phys. ('.

O I7) B. Berg, lr. tlansllla.nn and T. Neuhaus, .1Properties of Interfaces in the two and threedimensional Ising Model, preprint, SCI(l-92-xx, submitted to Z. l_hys. B.
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!990 - 1991
Publications

O (TASK B)

1. Papers Published:

1) B. Berg and C. Vohwinkel, Non-Abeliart Gauge Theory: Mass Spectrum and Deconfining
Temperature I, Anna]. Phys. (NY) 204 (1990) 351-400.

2) B. Berg and N. Alves, Correlatzon Length Finite Size Scaling Investigatwns, invited talk,
Proceedings of the LAT89 Capri conference, Nucl. Phys. B (Proc. Suppl.) 17 (1990)
194-198.

3) N. Alves, B. Berg and S. Sanielevici, Binder Energy Cumulant for SU(3) Lattzce Gauge
Theory, Phys. Left. B241 (1990) 557-560.

4) N. Alves. B. Berg and S. Sanielevici, Partition Function Zeros and the SU(3) Deconfining
Phase TransttZon. Phys. Rev. Lett. 64 (1990) 3107-3110.

.5) N. Alves. B. Berg and R. Villanova. Ports Modes: Density of States a,zd Mass Gap from
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1980- 1990 Publications

Q TASK B

1. Papers Published:

1) C. Vohwinkel, jSU(2) Yang-MiUs Theory in Intermediate Volumes, invited talk, Proceedings

of the Storrs Meeting, APS - division of particles and fields, K. Halhr et al. editors, World

Scientific, Singapore 1989, p. 198-201

2) B. Becg, jDeconfinement Temperature from an Effective Hamiltonian, invited talk, Proceedings

of the LAT88 conference at Fermilab, Nucl. Phys. B (Proc. Suppl./ 9 (1989) 310

3) C. Vohwinkel, jThe Mass of the _. Glueball in SU(2) Yang-Mills Theory, invited talk, Pro-

ceedings of the LAT88 conference at Fermilab. Nucl. Phys. B (Proc. Suppl.) 9 (1989) 242-243

4) B. Berg and A. Billoire, jPurc Lattice Gauge Theory in Intermediate Volumes I, Phys. Rev.

D40 (1989) 550-583

5) C. Vohwinkel and B. Berg, jPure Lattice Gauge Theory in Intermediate Volumes II, Phys. Rev.

D40 (1989) 584-587

6) B. Berg, R. Villanova and C. Vohwinkel, jCorrelation Length and Order of the Deconfining

Phase Trans,.'tie,_, Phys. Rev. Lett. 62 (1989) 2433-2435

7) A. Hasenfratz, K. Jansen, J. Jersak, C.B. Lang, H. Leu_wyler and T. Neuhaus_ jFinite Size

Effects and Spontaneously Broken Symmetry: The Case of the O(4) Model, Z. Phys. C46

(1990) 257

8) N. Alves, B. Berg and R. Villanova jlsing Model Monte Cazlo Simulations: Density of States

and Mass gap, Phys Rev. B41 (1990) 383-394

9) C. Vohwinkel, jAnalytical Progress towards the Mass Spectrum and Deconfining Temperature

in SU(3) Gauge Theory, Phys. Rev. Lett. 63 (I989) 2544-2547
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