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Abstract
This report describes the research conducted in the High Energy Physics Division
of Argonne National Laboratory during the period of July 1,1991 - December 31,1991.
Topics covered here include experimental and theoretical particle physics, advanced
accelerator physics, detector development, and experimental facilities research. Lists of
division publications and coUoquia are included.

/.

EXPERIMENTAL PROGRAM

A.

Physics Results

1.

Collider Detector at Fermilab
Data analysis has continued on CDF direct photon studies and b quark cross section

measurements using the 1988-1989 data. Papers on both topics are under review by the
collaboration.
CDF direct photon studies have expanded beyond the basic inclusive photon cross
section to include the single photon angular distribution and diphoton production. The
inclusive cross section is shown in Fig. 1. Also shown is the data from the CERN Collider
UA2 experiment. Both data sets give a qualitative agreement with NLO QCD predictions,
but both sets show a slightly steeper slope at low PT- A good test of QCD is the photon
angular distribution in the c m . frame, shown in Fig. 2. This differs significantly from the
dijet angular distribution, due to the spin 1/2 nature of the propagator in the photon case
(and spin 1 for the dijets). The measured dijet angular distribution is also shown, along
with the QCD predictions. Good agreement is found between theory and data. Figure 3
shows the diphoton production cross section from CDF, compared to QCD predictions. It
is displayed in two ways, with and without the effects of kx smearing removed from the
data, and with the appropriate change in QCD prediction. With limited statistics, it also
shows agreement with the QCD prediction.
CDF has measured the b quark production cross section, using the central detector
electron sample. This is shown in Fig. 4, along with the data from the CERN Collider
UA1 experiment and the NLO QCD predictions of Berger and Weng. The UA1 data agrees
well with QCD, while the CDF measurement is systematically somewhat higher.
(S. Kuhlmann)
2.

Soudan Data Analysis
An important milestone was passed in October with the publication of the first

physics result from Soudan 2 in Physics Letters B. The paper describes the observation of
an excess flux of underground muons from the direction of the X-ray binary Cygnus X-3
during its January 1991 radio flare. These results were described in the previous HEP
Division semiannual report. The observations were also presented at the International
Cosmic Ray Conference in Dublin in August, where three other experiments, one
underground detector and two cosmic-ray air shower arrays, reported somewhat weaker
evidence for excess flux from the direction of Cygnus X-3 during the radio flare. Two
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Fig. 1. Inclusive direct photon cross section
from CDF and UA2, compared to NLO QCD
calculations.

Fig. 2. CDF center-of-mass scattering angle
distributions for direct photons and jets,
compared to QCD predictions.
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other large underground experiments and several large air shower arrays reported no excess
flux during the radio flare period, so the question of whether particles from Cygnus X-3
are responsible for anomalous fluxes of underground muons remains unresolved. Since the
Soudan 2 detector is in nearly continuous operation (75% duty cycle), signals from Cygnus
X-3 radio bursts will continue to be observed (if the effect is real), with eventual
confirmation by other experiments.
Initial results from the search for magnetic monopole tracks in Soudan 2 were
prepared for publication during the Fall of 1991. Super heavy GUT monopoles with
velocities greater than 10~3 c would leave heavily ionized tracks in Soudan 2. The
detector's dE/dx resolution allows it to distinguish easily between ordinary cosmic-ray
muon tracks and the continuous heavy ionization of a monopole track. A software filter
identified several thousand tracks with high ionization in the data recorded during 1989,
1990, and 1991. Examination of computer reconstructions of these tracks showed that
none had the continuous heavy ionization expected of magnetic monopole tracks. The
excellent spatial resolution of Soudan 2 showed that nearly all candidate tracks had
associated electromagnetic showers, inelastic interactions, or delta rays, which could not
have been produced by magnetic monopoles. Figure 5 shows a typical showering track,
and Fig. 6 is an example of a muon track which would have been rejected due to the
presence of a low energy delta ray. The remaining candidates were found to have passed
through regions of the detector which were known to produce larger than average pulses.
Monte Carlo simulations of magnetic monopole tracks were passed through the
entire analysis chain to obtain the efficiency and acceptance. With no monopole tracks
identified in the three-year exposure, the 90% confidence level upper limit on the flux of
monopoles with velocities greater than 10'^ c was calculated to be 8.7 x 10"15 cnr^ s' 1 sr^.
Figure 7 compares this result with other published monopole flux limits obtained by
various techniques. Also shown in the figure is the Parker Bound, which is the upper limit
on the average magnetic monopole flux imposed by the value and rate of regeneration of the
galactic magnetic field, and the rate at which monopoles would remove energy from this
field. The Soudan 2 limit is more restrictive than any result published to date using the gas
ionization technique.
A major accomplishment during this period was the completion of the reprocessing
of all Soudan 2 data taken over the past two years with the current offline software. The
main goal of this work was to improve the selection efficiencies for nucleon decay and
neutrino interaction events. In addition to assembling files of these fully contained event
candidates, files of partially contained events (including stopping muons, up going muons,
and high energy neutrino interactions), multiple muon events, and single muon tracks were
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Fig. 5. Computer reconstruction of one view of a heavily ionizing track selected during the
Soudan 2 magnetic monopole search. The high ionization results from the clearly visible
electromagnetic showers. Such interactions are not expected to occur along a monopole
track, which would exhibit uniform heavy ionization, so this event was easily rejected as a
monopole candidate.
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Fig. 6. Computer reconstruction of a cosmic ray muon track in Soudan 2, showing an
easily recognizable low energy delta ray. The presence of such delta rays along magnetic
monopole candidate tracks was used to identify them as cosmic ray muons. A monopole
with high enough velocity to produce a delta ray (velocity greater than 0.95 c) would be
very heavily ionizing (about 1000 times minimum ionization) and easily recognizable.
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also collected. Data currently recorded by the detector are being processed by the same
software, and interesting events in various categories are being selected by the same criteria
used during the reprocessing. These event summary files are the input for all the ongoing
physics analyses of Soudan 2 data.
A total of 0.50 fiducial kiloton years of contained event exposure was reprocessed,
yielding a file of 550,000 events passed by the contained event filter. A second software
filter selected 27,000 of these events for scanning by physicists. An initial examination of
these events has led to the identification of about 70 neutrino interaction candidates plus a
number of possible neutron interaction events (which are associated with hits in the active
shield). The number of neutrino events found agrees well with the expected rate of
atmospheric neutrino interactions. A second scan of the 27,000 event sample is now being
performed, and detailed analysis of the neutrino event candidates is being carried out by
University of Minnesota students Don Roback (an Argonne Lab Grad student) and Dave
Schmid for their Ph.D. theses. The subjects of these theses are the search for neutrino
oscillations using the Ujj/Ue ratio, and the search for nucleon decay, respectively.
In addition to the paper published in Physics Letters B described above, Argonne
physicist ;oauthored several external documents submitted by the Soudan 2 collaboration.
Most notable among these were nine papers presented at the 22nd International Cosmic Ray
Conference in Dublin in August, which are now available in the published proceedings.
Argonne physicists also wrote a number of internal PDK notes during the last half of 1991.
In conjunction with work on the design of the proposed Fermilab-Soudan long baseline
neutrino oscillation experiment, P-822, Argonne physicist Maury Goodman chaired the
organizing committee of the Workshop on Long Baseline Neutrino Oscillations which was
held at Fermilab in November.
(D. Ayres)
3.

Polarized Proton Physics
During this period, activities associated with the future program of polarized

proton-proton collisions at RHIC (the Relativistic Heavy Ion Collider at Brookhaven
National Laboratory) increased significantly, while at the same time the analysis of
Fermilab E-704 data was proceeding,
a)

E-880 Approval
In August 1991, AGS Proposal # 880 was presented to the HENP Program

Advisory Committee. The proposal was to test the effects of a partial Siberian snake on
polarization at the AGS. The collaboration consists of Indiana University, Argonne
National Laboratory, Brookhaven National Laboratory, KEK (Japan), and TRIUMF
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(Canada). We were informed by Mel Schwartz, ALD for high energy and nucleon
physics, that the proposal had been approved. According to his letter dated September 3,
1991, we learned that the PAC was enthusiastic about the elegant solution which the partial
snake provides for obtaining polarization in the AGS. The letter also states that this
enthusiasm is primarily a reflection of the Committee's belief that spin physics at RHIC is
both feasible and potentially exciting.
b)

Workshop on E-880 Collaboration
In October 1991, the first workshop on the E-880 experiment was held at Argonne,

organized by members of the polarization physics group. The workshop included reviews
of partial snake experiments and beam polarimeters, discussions of various problems
associated with a new AGS internal polarimeter, accelerator physics of polarized proton
acceleration, and discussions of the AGS program, priorities for our future work, and
project scheduling.
c)

RHIC Spin Collaboration (RSC)
RHIC offers an exciting opportunity to study collisions of polarized protons at high

energy with high luminosity. RSC presented a letter of intent to the PAC in August 1991,
and was encouraged to submit a proposal.
The physics issues for the polarized collider include a study of the spin content of
the proton (particularly the helicity distribution of gluon and antiquark polarization), quark
transversity distribution in polarized protons, study of asymmetries predicted by PQCD for
parton-parton subprocesses, W and Z physics, and parity-violation studies and searches.
To accomplish these physics goals, measurements of high PT jets, direct photons, DrellYan process, W*, and heavy quarks are needed.
The institutions presently participating in RSC are ANL, BNL, Dubna (Russia),
Indiana, Helsinki (Finland), ITEP (Serpukhov), KEK (Japan), Kyoto (Japan), Marseille
(France), MIT, Padova (Italy), Penn State, Trieste (Italy), Genova (Italy), and UCLA.
In RHIC, spin depolarizing resonances can be overcome with two Siberian snakes
located in straight sections 180° opposite to each other. Using the split snake
configuration, proton collisions with longitudinal or transverse polarization can be
achieved. Top energy for proton on proton will be at 250 GeV x 250 GeV with luminosity
of L = 2 • 10 32 (cm"2 sec' 1 ), the same luminosity as unpolarized beams. The beam
polarization P B = 0.70 will be reversed in each bunch.
For measurements of beam polarization, we may utilize the kinds of polarimeters
and monitors developed for the Fermilab polarized-beam facility at 200 GeV/c. Currently
we are devising concrete plans on how to use these in the collider mode.
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There are two major detectors planned for RHIC. A considerable number of
studies were made to determine how well the spin programs of RSC could be carried out
by each detector,
d)

E-704 Data Analyses
Our new experimental results which show the spectacular mirror symmetry effect

observed in JT1" and n~ inclusive production with 200 GeV/c polarized proton beam were
published (Phys. Lett. B264.462 (1991)). These data (Fig. 8) show that the n" data are
consistent with zero up to XF = 0.4 whereas the JT1" data show a sizeable asymmetry.
We observe two kinds of physical phenomena:
Large xg regime This mirror symmetry effect was explained by Soffer and Tornquist (to
appear in Phys. Rev. Lett.) who relate this to the mirror symmetry of the
polarizations for n^p —> pit* in the backward direction at low energies via a
dynamical mechanism in the fragmentation region.
Small XR regime ir data at 18.5 GeV/c in the interval of x T = 0.2 to 0.8 show A N = 0 up to
sp = 0.4 where JC+ data show sizeable asymmetry for x T > 0.4. Our
Fermilab 7t° data at 200 GeV/c also show sizeable asymmetry in the region
x T > 0.4. We note the quark contents of pions: JT+ = ud, n° =
(uu - dd) / -1/2T and JI~ = ud. A polarized proton can be viewed as a scalar
(ud) diquark and an unpaired u quark which is the carrier of the spin
information.

4.

(A.Yokosawa)

Computational Physics
The main interests of the Computational Physics effort are focused on two areas:

one is the continuation of the investigation on the properties of the strong interaction
(QCD) using numerical methods. The other is a study of the continuum limits of various
lattice models related to quantum field theories such as QED and Abelian Higgs theory.
The choices of numerical simulation methods depend on the nature of problems. For
lattice QCD and QED with dynamical staggered fermions, the Hybrid Molecular Dynamics
algorithm is used. For lattice QCD with Wilson fermions, the Hybrid Monte Carlo method
is used. The Metropolis Monte Carlo method with the Over-relaxation methods is used for
the quenched QCD hadron spectrum calculation and for the Abelian Higgs theory.
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The study of lattice QCD with two light staggered quark flavors of which mass is
0.0125 in lattice units on a 163 x 8 lattice is almost completed. It is part of efforts in
collaboration with members of the HEMCGC (High Energy Monte Carlo Grand
Challenge) on the CM-2 at PSC (Pittsburgh). D.K.Sinclair presented the results of
simulation at Lattice'91 conference in Japan last November. In that talk (ANL-HEP-CP92-4), it is concluded that there is no evidence for a first order phase transition in this
system, and the transition temperature is estimated to be T c = 143 ± 7 MeV. All the
measured observables, the Wilson/Polyakov line, (\jnjf) and entropy densities support
these conclusions. Additionally, the hadronic screening mass was measured (Fig 9).
Currently, we are simulating at 6/g2 = 5.55 with a different starting condition and at 6/g2 =
5.575 to clarify further the characteristics of the transition. Also the simulation of the same
system with smaller mass, 0.00625 in lattice unit is under way. Smaller mass simulation is
necessary because we are interested in the chiral limit mqa -* 0. So far, we have run for
1000 time units at 6/g2 = 5.55 and the run at 6/g2 = 5.525 reached 800 time units.
The preparation for quenched QCD hadron spectrum on a 32 3 x 64 lattice at
6/g2 = 6.5 using the Concurrent Supercomputing Consortium's Intel Touchstone Delta
computer at Caltech is finished. The VAX Fortran program is fully converted into i860
assembly language program to speed up the performance. The code is using Metropolis
Monte Carlo algorithm with over-relaxation steps. At present, we have produced two field
configurations which are 1000 sweeps apart. We plan to collect 100 configurations to
calculate hadron spectrum. S.Kim gave a talk summarizing the current status of our
project at the first Concurrent Supercomputing Consortium application workshop. Due to
ardent programming efforts by S.Kim and D.K.Sinclair, the QCD code sustains 9.45
Gflops (10 9 floating point operation per second) on a 16 x 32 node configuration of Delta
computer, which is the highest speed achieved among all the applications on this machine.
In collaboration with J.B. Kogut of the University of Illinois, we are investigating
non-perturbative fixed points of various lattice models. The question addresses
fundamental and interesting problems involved in lattice formulation of quantum field
theories: the existence of interacting theory in continuum limits of a lattice model. In the
work with J.B.Kogut and R.L.Renken of the University of Illinois, S.Hands of the
University of Glasgow and A.Kocic of the University of Arizona (ILL-TH-91-04), we
have studied the strong coupling phase transition of QED (quantum electrodynamics) using
non-compact lattice model of the theory and found that the transitions observed in this
system appear to be driven by lattice artifacts. Further study on the system is under way.
Also, we have initiated studies on the Abelian Higgs theory. Our main interests lie in the
continuum limit of non-compact lattice models of this theory, which is the same as our
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study on strong coupling QED. However, since the Abelian Higgs theory has more
complicated and richer classical structure, fixed points of this theory may be more
interesting. We will employ the Metropolis Monte Carlo method and use a Connection
Machine.
(D. Sinclair)
B.

Experiments Taking Data

1.

Soudan 2
The Soudan 2 experiment operated smoothly during the second half of 1991, and

recorded data for 139 days of live time, with a duty cycle of 75%. This brought the total
Soudan 2 exposure to 833 days, or 83% of a fiducial kiloton year for contained events.
The detector is operated for physics data primarily during night and weekend periods when
installation work is not in progress and the underground laboratory is unoccupied.
The quality of the data recorded by Soudan 2 continued to improve during the
second half of 1991. Although no additional detector mass was installed during this
period, several older modules with nonuniform wireplane response were replaced. These
modules were overhauled and reinstalled in the detector, as described below. A number of
anode high voltage splitters, which allow top and bottom modules to operate at different,
optimum wireplane voltages, were installed while the detector was open for module
replacement The filling of cracks between active shield floor panels also continued, and
65 new shield tubes were brought into operation.
2.

(D. Ayres)

Medium Energy Spin Physics (LAMPF/SATURNE)
The goal of the ANL-HEP medium energy physics program in the past few years

has been to measure sufficient np elastic scattering spin observables to determine the
isospin-0 (1 = 0) amplitudes and phase shifts between kinetic energies of 500-800 MeV.
These measurements included LAMPF experiment E-665/770, E876, E-960, E-1234, and
others. Recently, a new nucleon-nucleon scattering program has begun at Saclay, France
with a goal to extend the I = 0 measurements to higher energies and to investigate the origin
of energy-dependent structure in various spin observables near 2100 MeV.
The final paper on E-665, documenting much of the hardware and data analysis for
E-665/770, is essentially complete, and will be submitted in the next few months. Pure
spin observables CLL and CSL, with a polarized neutron beam scattering from a polarized
proton target, were extracted from the data and are shown in Fig. 10. In addition, a
number of phase shift predictions, some including preliminary data from this experiment,
are shown for comparison. These phase shift predictions have typical deviations of X2/d.f.
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~ 2.6 from the data. The final data will contribute significantly to the knowledge of the I =
0 amplitudes between 484 and 788 MeV.
A full draft of a major paper of E-770 has been written, and final results were obtained during the past half year. Pure spin observables (Css. CLS) were extracted from the
mixed spin parameters actually measured. Also, the quantities Css do/dfl and CLS do/dQ
for pure 1 = 0 amplitudes, and for the interference between 1 = 0 and 1 = 1 amplitudes,
were extracted. Work is in progress to relate these quantities to phase shifts and to
understand the observed energy dependence in the data. This paper on E-770 may be
submitted for publication during the next six month period.
Work has begun on a re-analysis of the remaining E-770 data from existing data
summary tapes. Some of these data have been published in a short paper, but
improvements in data analysis and revised spin direction information make the re-analysis
necessary. Essentially all the remaining data are mixtures of the spin parameters CLL»
CLS,

and

CSS.

CNN.

Experiments E-876 and E-1234 collected data during this period. The first is a
measurement of np elastic scattering with a polarized neutron beam scattering from a liquid
hydrogen target and the outgoing proton spin determined with a carbon polarimeter. The
spin parameters KLL, KLS, KSL. and Kss were measured last year at 788 MeV and were
recently published. The same parameters were measured at 634 MeV this year, and the
data are being analyzed and a paper written. The second experiment, E-1234, used a
similar setup but had the neutron beam scatter from a liquid deuterium target with the
outgoing proton spin measured. The goal of E-1234 is to obtain independent information
on the neutron beam polarization. Preliminary results, shown in Fig. 11, suggest that the
polarization parameter P for np elastic scattering measured by other groups at LAMPF may
be systematically too large in magnitude. A paper on E-1234 and an instrumentation article
on the relative neutron polarimeter used in E-876 and E-1234 are being written. An
instrumentation paper describing the ANL neutron counters used in E-876 and E-960 was
recently published.
The experimental program at Saclay was begun in November. A multiwire
proportional chamber (MWPC) with four planes of wires was constructed, as well as the
associated cables. The chamber, cables, MWPC electronics, supports and tools were
shipped to Saclay before the run, but were delayed by over two weeks in French customs.
As a result, there was not time to install the chamber before the experimental runs.
However, cables were strung and the electronics mounted before the end of the run. It is
hoped to complete this work before the next run.
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np results (dashed line).
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During the run, the pp polarization parameter P and CNN were measured at a few
energies near reported energy dependent structure. However, problems with an aging data
acquisition computer and with the electronics did not allow sufficient data to be collected.
These measurements will continue in the Spring of 1992.
(H. Spinka)
C

Experiments in Preparation Phase

1.

Collider Detector at Fermilab
Installation of preradiator chambers has been completed. Checkout in situ of

preradiator, crack, and strip chambers was delayed by the unavailability of the data
acquisition system,which also delayed the PMT checkout and calibration. Test beam data
on preradiators and such cosmic ray testing as could be acquired bodes well for the
preformance of the preradiator system as shown in Fig. 12. The high voltage and gas
systems for all chambers have been brought up.
Design work on the Level 2 FASTBUS trigger electronics for the strip and
preradiator chamber electron trigger is nearing completion. Our colleagues are preparing a
sample of modified wire readout front end cards and a sample of trigger cables from the
detector to the counting house has been installed. This should allow some checkout in the
upcoming run with an eye toward complete installation during the next shutdown.
The Fermilab fixed target run and brief machine studies extended throughout the
period. As much of the CDF detector as was available (i.e. not locked in the hall or with
uncompleted upgrades), was made ready for global cosmic ray testing. This served its
purpose for early diagnosis of various DAQ, gas, high voltage and noise problems.
The length of the shutdown after the run which should eventually begin some time
this spring has become a topic of much speculation. Also, the bunch spacing for 1995+
running is still not settled. Funding for the DAQ/front end, plug calorimeter, and silicon
vertex detector upgrades for 1995 is likely to be too slow to maintain that year as a target.
The Argonne group has a slight association with the plug upgrade effort, particularly as
correlated with SDC activity, and we hope to get involved in the front end upgrade.
Attention is now focussed on getting the hardware and software ready for the coming
collider cycle. Vertex drift chambers, muon extension, muon hardener, and silicon vertex
detectors join the preradiator in being added to CDF for the coming run. Data taking
should resume this spring after a hiatus of three years.

(L.Nodulman)
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2.

Soudan Detector Installation
Only nine 5-ton modules were constructed at the Argonne module factory during

the last six months of 1991 because of problems with the supplies of corrugated steel
sheets and bandolier. During the two month period when steel supplies prevented the
construction of new modules, the Argonne collaborators developed techniques to remove
an electronegative contaminant which had suddenly appeared in recently constructed
bandolier. The contaminant was identified as excess methylene chloride solvent in the
bandolier adhesive, which should have been removed at an early stage of the manufacturing
process. By the time the contamination was recognized, many of the 20 U.S. and U.K.
modules which had been constructed with the faulty material had been shipped to the
Soudan mine. During the summer, the Argonne mechanical support group developed a
procedure for bandolier decontamination, using a 3-day oven heat treatment prior to module
assembly. A second technique was developed for decontaminating modules which had
already been assembled. This involved special fixtures for heating modules to 50° C with a
hot air purge for a three week period. By the end of the 1991 shipping season, all modules
at Argonne had been decontaminated, routine module construction had resumed, and 12
modules had been shipped to the Soudan mine.
Because of the shortage of modules without electronegative contamination, no new
halfwalls were added to the Soudan 2 detector during the last six months of 1991. The
operating mass remained at 688 tons during this period. The 12 modules which arrived at
the mine site from the Argonne module factory brought the total number of modules
underground to 192 (825 tons). The uncontaminated modules which were available were
used to rebuild the two detector halfwalls which contained the worst performing modules in
the detector. The modules from the first of these halfwalls were overhauled and used to
rebuild the second halfwall. (A halfwall is a subassembly of eight 5-ton modules, stacked
four across and two high.) Several individual modules were also replaced during this
period. In December, the module heating fixtures used to decontaminate modules at
Argonne were shipped to Soudan, where heat treatment of contaminated modules will
begin in early 1992.
Argonne physicists continued to play major roles in the installation, turnon, and
data acquisition activities at the Soudan mine site. Important activities during the second
half of 1991 included diagnosis of the source of module contamination which caused recent
modules to drift very poorly, electronics maintenance and troubleshooting, and
coordination of the module replacement and repair activities described above.
A team of DOE program officers met with Soudan 2 collaborators at Argonne in
July to consider the request for additional funds to build the last 100 tons of the detector.
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Although this proposal was turned down, the previous commitment of funds, which is
sufficient for a 930 ton detector, was reaffirmed. It was agreed that the detector
construction would be completed in 1992, and that the full detector would be operated for
six years. This includes an additional year of operation to compensate for the mass
reduction from the originally planned 1100 tons.
3.

ZEUS Detector at HERA

a)

HERA Status

(D. Ayres)

By the end of 1991, all of the major problems confronting HERA appeared to be
solved. The proton linac III was reliably delivering 8-10 mA of H" (multiturn injection into
DESY HI). DESY HI, the most difficult component, was routinely accelerating 70 mA to
7.5 GeV. The maximum current obtained so far is 90 mA (the design value is 150 mA).
PETRA i n has accelerated up to 3.5 x 10 11 protons in a single bunch up to 40 GeV
although there is need to upgrade the vacuum. Transfer efficiency of 100% from PETRA
III to HERA is obtained. In the electron ring, the required single bunch intensity of 3.7 x
10 10 e~ has been transferred into HERA. The maximum intensity is limited by multibunch
instabilities. The design current of 58 mA from 210 bunches has been achieved at the level
of 6 mA for 20 bunches without the multibunch feedback system which has now been
successfully tested in PETRA. The last machine test in November achieved collisions with
10x10 bunches at 96 nsec spacing. A simple scaling from this in terms of bunch current
and number extrapolates to a luminosity close to design. Machine operation is expected to
resume in April 1992 with physics data taking starting in June. An example of the
luminosity monitor data from the November run is shown in Fig. 13.
b)

Test Beam Operations
The ZEUS test beam in Lab E at Fermilab was operated from June to August.

Although a small amount of data was taken during commissioning of the beam in 1990,
this recent run provided most of the module calib;"ation data. In all, seven modules,
including the prototype, were calibrated. Analysis of these data continued at DESY after
the beam operation was concluded. First results presented at the ZEUS collaboration
meeting at DESY in December demonstrated that the design requirements for the hadron
energy resolution and linearity had been met The measured electron energy resolution was
somewhat worse than expected.
The energy resolution for fully contained 50 GeV pions is shown in Fig. 14a. The
measured hadron energy resolution as a function of energy is compared to the design value
o/E =

35%/VE

in Fig. 14b. As expected for a compensating calorimeter, the response to
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hadrons demonstrates very good linearity, as shown in Fig. 15. In Fig. 16 one sees that
the tower-to-tower response is uniform at the level of about 1%.
c)

ZEUS BCAL Installation and Commissioning
Commissioning of the ZEUS detector began in August-September, although at that

time only 29 of the 32 BCAL modules were installed. The detector was closed in August
and the magnet was energized so that the magnetic forces on the coil could be measured for
the first time with the real distribution of iron in the detector. It was only possible to reach
a solenoidal field of 1.33 T before the maximum force of 5 tons allowed by ANS ALDO
(the manufacturer) for the coil was reached. It was found that the cell geometry used in
TOSCA in modelling the iron distribution in the BCAL was inadequate and thus TOSCA
incorrectly predicted there would be no problem in attaining full field This was aggravated
by the problems encountered in loading the 29 BCAL modules into the spokesplates in
May, when the spokesplates moved on the system of Hillman rollers on which they rest, so
that their position was incorrect by 8 mm in the z (beam) direction as well as being rotated
by about 1 milliradian.
A cosmic ray run of the detector in September was partially successful in integrating
all detector components into the trigger. Most of the detector components had useful stand
alone runs, but because of problems in obtaining the Wiener power supplies on schedule,
only four BCAL modules were included in the run. A Lego plot showing cosmic ray
muons in the BCAL for the up-down trigger is found in Fig. 17.
The last 3 BCAL modules from the FNAL test beam were installed in ZEUS in
October. On November 23, the BCAL was translated to within 0.5 mm of its nominal z
position although it was only possible to reduce the rotational misalignment to 0.7 mrad.
Moving the approximately 350 ton system with respect to the four Hillman roller systems
on which the spokesplates rested was accomplished by pushing/pulling with a system of
hydraulic rams.
A second cosmic ray/magnet test run was carried out in December. It was possible
to achieve a field of 1.43 T, in good agreement with the TOSCA prediction (with improved
modeling of the iron distribution in the detector). A further prediction of TOSCA is that if
the rear calorimeter (RCAL) is moved 1 cm away from BCAL the attainable field will be
very close to the design of 1.8 T, provided that ANS ALDO agrees, as expected, to allow a
maximum force of 6 tons on the coil.
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d)

Photomultiplier Base Problem
In the process of testing modules on the cosmic ray stand, photomultiplier (PMT)

bases were observed to fail at the level of several percent per module. The base failure rate
was established during extended periods of Fermilab module testing and BCAL
commissioning at DESY as one base/module/week. Studies by the VPI group suggest the
failure is due to capacitors in the dynode chain becoming resistive. Leakage of charge to
the outside of the PMT results in sparking to ground and capacitative coupling to the
dynodes exposes the capacitors to high frequency voltage transients causing their failure.
The suggested remedy is to wrap the PMT in aluminum foil which is then grounded.
Observation of a somewhat statistically limited sample of PMT's treated in this way
suggests this may reduce the failure rate to manageable proportions. This modification is
being implemented on more modules,
e)

Changes in PMT Gain Due to the Detector Magnet Field
It is now well known that the light output of plastic scintillator varies with the

magnitude of magnetic field to which it is exposed. The expectation was that the response
of the ZEUS BCAL PMT's to the uranium activity (DU noise current) would be essentially
a uniform shift in value within each section, EMC, HAC1 and HAC2 of a module at the
level of a few percent During the first cosmic ray run in September it was found that the
DU current apparently varied randomly within a module, with variations of up to 4%
observed. The magnetic shielding provided for the BCAL PMTs was expected to reduce
the field in the region of the photocathode below 100 mG, generally considered to be
sufficient.
Measurements were made on a BCAL PMT-magnetic shield unit in the field of a
bending magnet at ANL in October. These measurements showed that the field in the
region of the photocathode was about 50 mG but the gain of the PMT could still vary by as
much as + 5% depending on the direction of the field with respect to the plane of the PMT
dynode structure. Since the PMT's were not installed in the BCAL modules so that their
dynode structures all had the same orientation with respect to the essentially solenoidal field
in the module backbeam region, this accounted for the apparently random observed
variation of the DU current when the detector solenoid is energized. Techniques to
standardize the PMT orientation with respect to the field direction are being explored. The
sensitivity of the PMT orientation with respect to the field direction for that orientation
which would give minimum gain change is shown in Fig. 18. This illustrates that a precise
location of the PMT is required to avoid gain changes of 1-2% with the present shielding.
(B.Musgrave)
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4.

SDC Calorimeter Engineering Design
Advances in the design of the SDC detector for use at SSC continued in the second

half of 1991. Argonne is a leading member of the Central Calorimeter group and has also
contributed strongly to the computing and physics application groups. The SDC as a
whole grew to a total of 102 institutions with over 700 physicists during this period. As
such, it is undoubtedly the largest scientific collaboration ever dedicated to a single project
It will remain a challenge to demonstrate that an assemblage of people this large can
maintain its focus and deliver a successful detector and its scientific program on the desired
schedule. In this context, it is useful to note the valuable participation of the Bicron
Corporation and the Westinghouse Science and Technology Center as industrial partners of
Argonne (and SDC) in the work reported below. In the sections below, the Argonne
contributions to this goal are discussed by topic.
a)

Calorimeter Mechanical Design
The mechanical design of the barrel section of the Central Calorimeter (CC) evolved

steadily to a buildable, cost-effective structure that was able to meet or exceed all the SDC
design requirements. The final decisions were made on the passive absorbers for the
electromagnetic (EM) and first hadronic (HAD 1) calorimeter sections. 4 mm cast Pb plates
will be used for the EM section as proposed by Argonne and 24 mm steel plate will be
adopted for the HAD1 section as proposed by Fermilab. This also sets the thickness of the
catcher calorimeter plates (HAD2) as 54 mm, also of steel. Having set these parameters,
those of the endcap calorimeter were also determined by the specification that the resolution
in p i was to be maintained constant over the eta range of 0-3. The total thickness of the
CC was set at 10 X at r\ = 0 (and increased logarithmically to 12 X atT] = 3). Thus, the
main CC physics parameters were set and confirmed by the whole SDC during the period
of this report. The status of the CC design at the end of 1991 is shown in Fig. 19.
Important as the physics-related decisions noted above were, the detailed
engineering of the wedge modules for both barrel and endcap calorimeters, including their
detailed mechanical configurations, stress analyses, connection and assembly methods,
fiber routing, fabrication techniques, etc. were the result of the technical efforts of ANL
engineers and physicists. These design elements were gradually brought into an elegant
and complete mechanical design for the barrel and to a workable basic concept for the
endcaps. The leadership of Argonne in these detailed aspects of the CC design is reflected
in the drawings of the calorimeter supplied in the SDC Design Report (issued in April
1992) which reflect the detailed design concepts developed and produced here.

Tile/Fiber Central Calorimeter
(Quadrant Cross Section)
4466.25

5705.43

Fig. 19. Status of the CC design at the end of 1991.

6761.43- i 7091.63
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Of particular note is the achievement of a final mechanical design for the transition
of the barrel and endcap sections of the calorimeter, a difficult geometrical region where
preservation of the energy resolution across the interface crate had to be achieved while
maintaining all the essential mechanical support functions for the superconducting solenoid
and the central tracking apparatus. After study of several geometrical alternatives, a final
design was chosen. This design is reflected in the SDC Design Report.
Also, it is worth noting that the barrel and endcap designs chosen for the
calorimeter (wedges in phi) have been the subject of extensive finite element stress analysis
(FEA) carried out by both ANL and Westinghouse engineers with the result 'hat the final
configurations chosen can be fabricated, erected and operated without exceeding allowed
stresses or deflections in the materials of the component parts. Adoption of a steel passive
absorber in the HAD sections facilitated this latter goal tremendously. Elaboration of this
FEA is included in section V.B.4 of this report.
b)

Calorimeter Optical Design
Optical design of the calorimeter (scintillator tile and optical fiber elements) evolved

in parallel with the mechanical design during this period. Again, Argonne physicists
played a key role in the evolution of a successful design. This design evolved and detailed
a tile/fiber configuration that maximized uniformity of response to ionizing radiation across
the entire surface of the tile (while preserving maximum total light yield). The elegant
result achieved was simple; it required no tile edge polishing or painting (beyond the basic
tile machining to size needed in any design) or tile optical masking, generic or custom. The
simplicity and success of this design will save time and money when the production phase
is reached. Since over 300 thousand tiles are needed for the full CC, the savings will be
measured in millions of dollars. Details of the R&D work leading to the present design are
given in section V.B.2 of this report.
Much of the success in this effort is attributable to the development (and subsequent
patenting) of a scanning beta-ray spectrometer by an Argonne physicist (reported in an
earlier edition of this report). This instrument was heavily used in the evolution of the
optical design finally chosen for a test calorimeter built and tested by the ANL/WSTC team
(and described in sections V.B.5-6 of this report).

(T. Kirk)
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Quantum Algebras
A spate of activity, exploration, and publication on quantum algebras and their
physics applications has attracted renewed interest in the mathematics community, which is
increasingly appreciative of "sloppy" physics results that, nevertheless, work. In order to
address the demand for an overview and bibliographical orientation in the area, C. Zachos
has reworked and expanded his 1990 survey of Quantum Algebras and adapted it for
mathematicians. The number of references categorized and discussed has been more than
doubled. The end result, "Elementary Paradigms of Quantum Algebras", appears in
Deformation Theory of Algebras and Quantization with Applications to Physics,
Contemporary Mathematics, edited by J. Stasheff and M. Gerstenhaber, AMS (1992).
A new set of questions on multiplet permutations has grown out of the work of C.
Zachos and D. Fairlie (Durham) on quantum-algebra-based alternate statistics. Those
questions have now moved to the forefront and are currently being being analyzed by C.
Zachos. In particular, for special values of the quantum parameter, in, for example, the qdeformation of SU(2), the symmetry of the states may, in fact, alternate within a given
multiplet. An example of this phenomenon appears in the composition of two doublets.
For q =!, the singlet is symmetric:
a=li t - i + j i t ) ;
whereas the symmetry of the triplet alternates:
/J=lTT>

A(/_)2j8=lW>.
This turns out to be a feature encountered so far only in supersymmetric theories. Quantum
algebras are thus observed to simulate supersymmetric effects, which may, in time, reveal
hidden supersyinmetries in bosonic systems. New invariant Hamiltonians based on this
principle have not yet been found, but this question is left for the future. [ANL-HEP-PR92-12].
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Rigorous OCD Predictions for Decays of P-Wave Ouarkonia
A straightforward perturbative calculation in QCD of the decays of p-wave heavy
quarkonia leads to the appearance of logarithms of the quark binding energy. The presence
of such logarithms is a signal that processes involving soft gluons make important
contributions to the decay rates, thereby invalidating the purely perturbative calculation. G.
Bodwin, E. Braaten (Northwestern), and G.P. Lepage (Cornell) have shown that, to
leading order in v / c, the soft-gluon effects can be factored from the decay rate and take the
form of a single nonperturbative quantity: the probability to find the quark-antiquark pair at
zero separation, with their original spin orientation, and in a color-octet s-wave state. The
remaining factor in the decay rate, the annihilation of the color-octet s-wave state, involves
only short-distance interactions and, hence, can be calculated reliably in perturbation
theory. The nonlogarithmic contributions to the decays of the p-states can be expressed in
terms of the derivative of the quark-antiquark wave function at the origin. Thus, rigorous
predictions for the decays of the four p-wave states into light hadrons or into two photons
can be made in terms of as, a, and just two additional phenomenological parameters.
The Current Status of High-Energy Elastic Scattering
Motivated by recent results from the Fermilab Tevatron Collider and in anticipation
of the UA4/2 experiment at the CERN Collider, M.Block (Northwestern), K. Kang
(Brown) and A. White have published a review (ANL-HEP-PR-91-61) of the current
experimental and phenomenological staius of high-energy elastic scattering. While
emphasizing that the new results conform to an overall simplicity and consistency with
lower-energy data, the authors discussed a variety of interpretations of experimental
forward-scattering parameters. A simple Regge-pole Pomeron looks very appealing given
the latest data. There are, nevertheless, small but clear deviations from the predictions of
this model that are not easily explained. An asymptotic amplitude analysis, although
unjustified as a matter of principle, shows that the total cross section rises essentially
linearly with In s. Within this formalism the UA4 result for the real part of the amplitude
cannot be fit, with or without an Odderon. Indeed the UA4 result can only be fit with a
very special form of new threshold close to the energy range of the CERN collider. Such a
threshold would have to be associated with (dramatic) new physics. If the UA4 result is
discounted, a wide class of eikonal models provides a generally satisfactory description of
almost all the features of the data. However, the complexity of the relationship between
input assumptions on the nature of the eikonal and output amplitudes tends to obscure the
physical significance of this success.
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A similar review, but with a different emphasis, is contained in a paper by Block and White
(ANL-HEP-CP-91-95), which was presented at the XXI International Symposium on
Multiparticle Dynamics.
Chiral-Symmetry Breaking In Gauge Theories From Reggeon-Diagram Analysis
In a paper prepared for the Hiroshima International Workshop on Electroweak
Symmetry Breaking, A. White described the use of Reggeon diagrams to study dynamical
properties of gauge theories containing a large number of massless fermions. Reggeondiagram infrared analysis is directly valid when enough massless fermions are present to
produce an infrared fixed point for the gauge coupling. This analysis also requires the
gauge symmetry to be built up step-by-step via a series of infrared limits. Consequently,
information is obtained about gauge theories in a very different dynamical situation
compared to most other starting points. White has studied SU(2) gauge theory in detail and
has argued that there is a high-energy solution that is analogous to the solution of the
massless Schwinger model. "Anomalous interactions" due to the triangle singularity in
massless-quark Reggeon diagrams play a vital role in the emergence of a Reggeon
condensate. The condensate, which can be interpreted as a generalized winding-number
condensate, produces the massless pseudoscalar spectrum associated with confinement and
chiral symmetry breaking and also leads to a high-energy S-Matrix that is "trivial" in the
extreme sense that there is no Pomeron. The no-Pomeron solution of SU(2) gauge theory
plays a vital role in the emergence of a physically sensible Pomeron in QCD and SU(N)
gauge theories.
Transverse-Momentum Distribution of 7-Boson Pairs at Hadron Supercolliders
R. Meng, T. Han (Fermilab), and J. Ohnemus (Durham) have studied the
transverse-momentum distribution of the Z -pairs in the process pp —» ZZX at supercollider
energies. In this work they obtained the whole Pj-(ZZ) spectrum by matching the low-p^
result (from resummation of soft gluons to all orders in as) to the high-pj- result (from the
O(as) perturbative calculation). They found that the perturbative O(as) calculation is
invalid for pT(ZZ) < 25 (35) GeV at the LHC (SSC) energy.
In heavy-Higgs-boson searches, a minimum cutoff on MJZ may be needed in order
to suppress the ZZ + jet backgrounds. However, in order to make the O(as) background
calculation reliable, it is also necessary to place a cutoff on pj that increases with
increasing M%z. Meng and collaborators have shown that, in order to avoid large
logarithms of the form ln(pj-/Mzz)

which spoil the 0{as) perturbative calculation, one
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needs to impose, for example,

PT{ZZ)

> 45 GeV for Mzz > 500 GeV, and />r(2Z) > 60

GeV for MJZ > 800 GeV at the SSC energy.
Since the Pr(ZZ) spectrum is governed entirely by QCD radiation, and since the
ZZ production rate at supercollider energies is sizable, the results of Meng and
collaborators could also provide a good test of perturbative QCD at a scale of order 200
GeV.
Meng and collaborators have also compared their results for the pp(ZZ)
distribution with shower Monte Carlo results from PYTHIA. They have found good
agreement in shape for pT(ZZ)< 100 GeV. However, PYTHIA significantly
underestimates the rate for large

pT(ZZ).

Heavy-Quark Cross Sections at Hadron-Collider Energies
Calculations of heavy-flavor cross sections at current hadron-collider energies are
of interest for tests of perturbative quantum chromodynamics (QCD) and for the
exploration of the sensitivity of results to the gluon density. At energies relevant for future
colliders, the predictions assist in the design of experiments and in the evaluation of the
merits of various options, such as the possibility of using the Superconducting Super
Collider (SSC) in a fixed-target mode. In Argonne report ANL-HEP-PR-92-11, E. Berger
and R.Meng present calculations of inclusive cross sections for bottom-quark production in
proton-proton and proton-antiproton collisions at energies ranging from Vs = 100 GeV to
Vs = 40 TeV. For several energies, cross sections are shown as functions of transverse
momentum, rapidity, and pseudo-rapidity (see Fig. 20). The computations are based on
next-to-leading order QCD hard-scattering cross sections and on the latest published sets of
two-loop evolved parton densities obtained from global fits of data from deep-inelastic
lepton scattering and other reactions. Variations of the behavior of the gluon density in the
region of very small x provide an estimate of the range of theoretical uncertainty. At SSC
energies, results are presented for both the collider configuration Vs = 40 TeV and the
fixed-target option Vs = 200 GeV. Included in the paper are calculations of charm-quark
inclusive cross sections at Vs = 200 GeV and 1.8 TeV.
Isolated Prompt-Photon Production at Collider Energies
The goals of the study of prompt-photon production at large transverse momentum
at collider energies include tests of perturbative quantum chromodynamics and the
determination of the gluon density in nucleons at small values of Bjorken's
x - xT 2pj I Vs • In addition, isolated photons at large pT may be signals for new physics
processes. During the latter half of 1991, E. Berger and J. Qiu (Iowa State University)
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continued their investigations of the theory and phenomenology of isolated prompt-photon
production. In Argonne report ANL-HEP-CP-91-72, published in the proceedings of
Particles and Fields '91, Vancouver, Canada, Berger and Qiu summarized the progress
they have made toward a consistent treatment of the isolated prompt-photon cross section in
QCD perturbation theory. They showed that well-behaved predictions can be derived for a
wide range of isolation parameters.
Restoration of Spontaneously Broken Symmetry at High Temperature: Resolving the
Unitary Gauge Puzzle
Broken gauge symmetries are typically restored at high temperature, and the critical
temperature Tc can be found to leading order through a simple, one-loor calculation in a
renormalizable gauge. However, when one investigates the restoration of broken gauge
symmetries at finite temperature, calculations in unitary gauge appear to give different
results than calculations in other gauges. Gauge invariance requires that physical quantities,
such as effective particle masses or the critical temperature, be independent of gauge
choice. It has long been a puzzle as to how to bring unitary gauge calculations into
agreement with those in renormalizable gauges. In a paper submitted to the Physical
Review, S. Vokos, in collaboration with P. Arnold (Northwestern) and E. Braaten
(Northwestern), showed that, in the Abelian Higgs model, for temperature T small
compared to Tc, the loop expansion in unitary gauge is an expansion in T2 / T2. Thus, all
orders in the loop expansion are relevant to the leading-order determination of the critical
temperature. In this work (ANL-HEP-PR-91-108), Vokos and collaborators verified by
explicit two-loop calculation that gauge-invariant quantities, such as the effective scalar
mass and the free energy of the vacuum, agree with renormalizable gauge results to order
T41T*. To this order, the equivalence of unitary and renormalizable gauges may be
succinctly summarized by the corresponding high-temperature effective Lagrangians,
which differ only by a non-linear field redefinition. In addition, Vokos, Arnold, and
Braaten have derived the effective mass of the vector boson and found that there are two
contributions to it. One is proportional to the scalar mass, as expected for a spontaneously
broken theory, while the second contribution is the result that one obtains in the unbroken
theory. Above the critical temperature, the first term is absent In Fig.21, the scalar (solid)
and vector plasmon (dashed) masses are plotted vs. T1. It is interesting to note that at the
critical temperature, the vector mass does not go to zero.
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from the Morfin-Tung set Bl, taking the b quark mass
Mj, = 4.75 GeV ,$nd choosing the scale ju according to
H -Ml+lpjm\
. The dotted curves are an estimate
of the theoreucal systematic uncertainty obtained by
varying the gluon density, / i , and Mb.

Fig. 21. Qualitative behavior of the scalar (solid) and
propagating-vector (dashed) masses plotted as

m2{T)/miand M2(T)/MQ VS. T2. The vector

electric-screening mass behaves similarly to the dashed
line, although the question of whether it crosses the solid
line at T > Tc then depends on the value of A / e .
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Radiative Corrections in Two-Scalar Doublet Models
I.G. Knowles, C D . Froggatt (Glasgow), and R.G. Moorhouse (Glasgow) have
continued their studies of extensions to the standard model, with particular emphasis on
determining the way in which particles acquire their masses. A general model that
incorporates all viable two-scalar doublet realizations of the Higgs mechanism for
generating particle masses, including supersymmetry, has been developed. These general
models involve a rich phenomenology, which includes a new source of CP violation of
present interest in early universe scenarios for baryogenesis. In a paper to appear in
Physical Review P_ (1 April 1992), the generic structure of these models is discussed, and
all leading radiative corrections are calculated and summarized in compact expressions. In
particular, the results confirm that predictions for the top-quark mass using precision
measurements from the LEP experiments, CDF, etc. are no longer valid in certain of the
models. Further investigation is in progress.
Identification of New Gauge Bosons at High-Energy Supercolliders
In a paper published in Phys. Rev. P_4£, 161 (1992), J. Hewett and T. Rizzo
examine the ability of the SDC detector to identify the origin of a new neutral gauge boson,
Z 2 , in the TeV mass range at the SSC. Specifically, given the measurements of the Z 2
production cross section (a), width (F 2 ), and leptonic forward-backward asymmetry
(AFB),

together with their associated statistical and systematic errors, Hewett and Rizzo

address two related questions: (0 for two different extended electroweak models, up to
what mass can their corresponding Z 2 bosons be distinguished, and («) how well can the
Z 2 couplings be determined? The calculations include oial \ QCD, as well as oblique
electroweak radiative corrections to the above quantities, and allow for uncertainties due to
structure functions, detector efficiencies, lepton identification, luminosity measurement
errors, and finite lepton-pair mass resolution, using the specifications of the SDC detector.
Nine distinct classes of extended electroweak models are investigated, and results are
obtained for integrated luminosities of 104 and 105 pb"1. Results for a particular E6 model
are given in Fig. 22.
In a contribution (ANL-HEP-CP-91-90) to the Physics and Experiments with
Linear Colliders Workshop, Hewett and Rizzo extend their studies on the discovery and
identification of new gauge bosons to the NLC e+e~ linear collider with V* = 500 GeV.
The effects of new gauge bosons with masses in excess of the machine's center of mass
energy can be probed via deviations from the predictions of the Standard Model for the total
cross section, forward-backward asymmetry, and left-right polarization asymmetry in the
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process e + e .—-rff.

It is found that new gauge bosons with masses in the few TeV regime

can be probed at such a collider.
CP Violation in Top Quark Decays
A new mechanism for CP violation is applied to top quark decays by G. Eilam
(Technion, Israel Institute of Technology), J. Hewett, and A. Soni (BNL) in a paper
published in Phys. Rev. Lett. £Z, 1979 1991. It is found that an on-shell unstable particle
produced in a tree-level process, such as the W -boson in / -> qW, induces a CP-violating
signal through its width. This effect arises from the interference between the imaginary
part of the amplitude for t —» qW —> qq'q and the real part of the amplitude for the oneloop flavor-changing process t->q'g-*

q'qq. The resulting CP asymmetry (denoted by

a) is directly proportional to the total width of the W -boson, and the largest asymmetry is
obtained for the process t -» dcd with a -10~* for m, = 120 GeV. The rescattering
effects of the final-state particles is also examined and is found to lead to CP violation in
semi-leptonic decays of the top quark. Although the semi-leptonic CP asymmetry is
numerically smaller, (a - 1 0 ~ 6 with m, = 120 GeV for t —» de+ v), these final states have
c'-aner experimental signatures. This paper was presented, along with earlier results on
rare decays of the top quark (published in Phys. Rev. D44.1473 1991), at the conference
Particles and Fields '91 (ANL-HEP-CP-91-77).

Phenomenology of Supersymmetric Models with R-Parity Violation
J. Hewett has examined rare decays of the Z -boson in supersymmetric models with
R-Parity Violation. R-parity is a multiplicative quantum number (the standard fields
possess R = +1, while their super-partners have R = -1) that is conserved in the minimal
supersymmetric standard model. Conservation of R-parity implies that (i) sparticles can
only be produced in pairs and (if) that the lightest supersymmetric particle is stable.
However, the most general superpotential contains R-parity-violating interactions that
violate lepton and baryon number (separately, so as to suppress rapid proton decay).
These models result in a very different super-partner phenomenology, and the two
conditions mentioned above no longer hold. In a recent paper (ANL-HEP-PR-91-110),
Hewett discussed signatures of these models in Z-boson decays. The decay Z —¥ vy
proceeds through a one-loop diagram with internal b-quarks via a vbb coupling. The
branching fraction for this process was found to be similar to that for Z -» Hy for the
laigest values of the R-violating couplings that are consistent with low-energy data. The
sneutrino can then decay subsequently into b-quark pairs, yielding a bby final state, and
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this process can mimic Higgs production for MHiggs > 60 GeV. The three-body decays
Z —> fff'

were also studied, and the rates were found to be small.

Desert GUTS and New Light Degrees of Freedom
Recently Amaldi, deBoer, and Fiirstenau have shown that the predictions of
Supersymmetric SU(5) are in agreement with current high-precision data from LEP and the
lower bounds on the proton lifetime, provided that the mass scale for SUSY particles is not
far above the usual electroweak scale. The predictions of ordinary SU(5) were, however,
found to lie many standard deviations away from present data.
In a recent paper (ANL-HEP-PR-91-92) submitted for publication in Physical
Review D, T. Rizzo addressed the question of the uniqueness of this SUSY solution, by
investigating whether other additional light degrees of freedom could be introduced at the
electroweak scale in such a way that one maintains (i) correct predictions for sin 2 0w and
as(Mz)

and (ii) agreement under renormalization group analysis with present bounds on

the proton lifetime. The problem here is to know what kinds of additional particles to add
to the conventional standard-model spectrum so that the theory is anomaly free, in
agreement with (i) and (ii), and consistent with restrictions from all other data.
In order to give as complete an analysis as possible, Rizzo allowed the new
particles to transform under SU(3)C as either 1,3_,£, or & and under

SU(2)L

as 1,2, or 3_

and gave them electric charges of 0, ± 1, 2/3, -1/3,5/3, -4/3, or 2. These new particles
were considered to be either bosons or fermions that could exist singly or together with
other representations. In all, over 43000 combinations of particles were considered in an
extensive numerical search, and, of these, only 12 were found to satisfy all of the existing
constraints. Thus, while SUSY does not provide a unique solution, it was found to be
quite difficult to construct other viable solutions satisfying all of the present constraints. In
all the scenarios that did pass the constraints, a rich spectrum of new, exotic particles
appeared and was found to be accessible to existing and future collider experiments.
The Phvsics of New Gauge Bosons at Colliders
In workshop contributions (ANL-HEP-CP-92-85 and -91-96) to the Physics and
Experiments with Linear Collider Workshop and the 15th Johns Hopkins Workshop on
Current Problems in Particle Theory, T. Rizzo discussed the physics issues associated with
extensions of the standard model (SM) gauge group, i.e., the existence of new gauge
bosons. Existing limits on such particles arise from two sources (i) direct searches by the
CDF Collaboration at the Tevatron and (ii) indirect searches, which are strongly model
dependent Current indirect bounds include those obtained via radiative correction (RC)

40
analyses using high-precision data to look for small deviations from the predictions of the
SM, and astrophysical/cosmological limits obtained by using data from SN1987A and the
He 4 abundance. The bounds from RC analyses are presently somewhat better than those
obtained from the direct-search results and are expected to improve substantially during the
next few years as more high-precision LEP and Tevatron data is accumulated and existing
atomic parity violation experiments are improved. During the same period, improvements
in the Main Injector will result in increased luminosity at the Tevatron and will allow an
increase by more than a factor of two in the mass reach of the direct searches for new gauge
bosons. Unfortunately, even if such new particles are discovered :n the Tevatron mass
range, the relatively low statistics available will not allow us to learn much about their
properties from the Tevatron data alone.
The advent of the SSC and LHC will open up a new era in the search for new
gauge bosons, since, for most extended electroweak models, all of the mass range below
= 10 TeV will eventually be accessible. While the capabilities of hadron supercolliders to
find such particles has been discussed for many years, only recently has serious work
begun to evaluate the capability of detectors at such machines lo identify new gauge
bosons, i.e., to specify their models of origin. This is a particularly difficult problem at a
hadron collider, as preciously few of the properties of new gauge bosons are easily
measurable in such an environment. The ongoing work of Hewett and Rizzo has shown,
however, that planned detectors for the SSC (both SDC and GEM) can do a reasonable job
of identifying new neutral gauge bosons, if they are indeed produced.
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///. EXPERIMENTAL FACILITIES RESEARCH
A.
1.

Mechanical Support
SDC Design
During this reporting period, the major portion (= 80%) of the mechanical support

group's activities was concentrated on the design and finite element analysis of the SDC
barrel and endcap calorimeters. This effort is described in detail in section V.B.4 of this
report.
2.

SDC Test Beam Prototypes
The two beam prototypes of the barrel electromagnetic calorimeter were cast,

instrumented, and installed in the Fermilab MP Hall. The moving and positioning fixture
for transporting the test modules in the horizontal and vertical directions were also
designed, fabricated, and installed during this period.
The data accumulated during the test beam runs will be used for further refinement
of the calorimeter mechanical design.
3.

ZEUS
There was little activity pertaining to the ZEUS detector during this reporting

period. The last three ZEUS modules were removed from the test beam at Fermilab Lab E
and shipped to DESY, Hamburg. The installation of these last modules completed the
barrel calorimeter mechanical installation. The actual roll-in and data run will commence
early in calendar year 1992.
4.

Soudan 2
During this period, a problem was discovered relating to the adhesive used to bond

the bandolier mylar. Large amounts of methylene chloride were being released into the gas
essentially killing the electron drift in the drift tubes. The reasons for this phenomenon are
not understood since the adhesive system is the same as that used in previous module
construction. To remedy this, it was necessary to design and build a forced-air heating
system to accelerate the outgassing of the contaminant. New bandolier is also being baked
prior to installation in the modules. Other problems associated with moisture content in the
drift tubes had to be dealt with as a result of baking.
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5.

Argonne Wakefleld Accelerator
During this period work continued on design of components and supports for the

linac (gun and preaccelerator). Installation will commence in early 1992. The enclosures
for the control room and laser room were designed and constructed, and work has begun
on the installation of utilities for these enclosures.
(N. Hill)
B.

Electronic Support

1.

ZEUS Calorimeter Electronics
Our major effort during this period was the development of the first level

calorimeter trigger processor (CFLTP). The ZEUS calorimeter first-level trigger processor
presents summary data on energy deposition in the uranium/scintillator sampling
calorimeter to the global first-level trigger (GFLT). The summary data includes global and
regional sums of electromagnetic and hadronic energy deposition, the number of isolated
muons and isolated electrons, missing transverse energy, jet cluster information, and the
likelihood of beam-ga background. The CFLTP receives data from 16 regional trigger
preprocessors which digitize the calorimeter signals and perform regional energy sums and
logical operations. Design and construction of these regional preprocessors is the
responsibility of our collaborators from the University of Wisconsin.
The CFLTP is a pipelined processor that contains data from eight crossing periods
at any instant It can capture input and output data from a sequence of up to 4096
consecutive beam crossings or first-level nigger events for detailed examination. All data
variables are accessible for histogramming. The histograms can be computed and
evaluated by a 68030 processor that resides in the VME bus, embedded within the the
CFLTP. Input or output data emulation capability is provided to operate the CFLTP at full
speed in a stand-alone mode. In addition, the design includes a number of utility functions
to inspect the data flow and to assist in troubleshooting.
During the period, seven input cards were manufactured as 12U 400 mm VME
cards. This is a twelve-layer card designed entirely in surface mount technology.
Production was completed on seven of the algorithm cards. These are extremely dense
cards produced in a multiwire/surface mount technology. To implement all the algorithms
set forth in the specifications requires 16 different algorithm cards. For the initial period,
however, there will be only ten. The algorithms omitted relate to clustering, and will be
implemented later. Perhaps the most challenging aspect of this work has been to produce
these very dense cards, but to make only two of each.
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Extensive effort has gone into designing and producing the diagnostic software
which is essential to provide assurance that the trigger processor is functioning correctly.
Overall, there are some 300 look-up tables implemented in the pipelined architecture of the
trigger processor. Clearly the ability to diagnose problems in a system this vast is
absolutely essential.
2.

CDF Trigger Upgrade
During the period we have been working very hard on electronics for the CDF

trigger upgrade. This is an effort to bring the preshower radiator (CPR) and shower max
detector wires (CES) into the trigger at second level to improve the efficiency for B
physics. We are responsible for the digital aspects of the work and our collaborators from
The University of Chicago are responsible for the analog electronics.
The digital electronics to incorporate CES and CPR data in the CDF second level
trigger is in Fastbus on two cards which are identical to avoid doubling the CAD expenses.
Data and strobes from the CFT which come to the CTCX card are bussed to this module to
provide the wire address, momentum, and strobes. This electronics is built on two cards,
because it is extremely difficult to provide space for chips and connectors required for the
384 CES and 192 CPR bits with only one card. Our plan had been to build the cards
using multi-wire technique with all devices implemented in surface mount. Since there is
such a nice flow to the logic, we are trying currently to route the card and produce it in
multilayer. It appears this will be successful, although the card with over 600 chips is quite
dense.
In order to deal with the connector problem the CES and CPR bits are brought to an
active patch panel near the digital electronics. The bits are carried as differential TTL and
translated to single-ended TTL on this patch panel. They go from there on some short
lengths of ribbon cable to the digital electronics. High density connectors are used to bring
the single-ended bits from the active patch panel to the digital module. The CES electronics
is built on one card and the CPR electronics on the other. All memories and registers can
be written/read from Fastbus, and for diagnostic purposes it is possible to set bit patterns of
the CES and CPR hits. This is accomplished by permitting all the input latches to be set,
and then the mask words are used to create the bit patterns which can be run through
memory, and the output data tested.
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3.

MHD Test Program Support
This is an ongoing program to investigate MHD propulsion of vessels in ocean

water. The program utilizes the large 6T superconduction magnet which was built
originally for the University of Tennessee MHD energy conversion program. We have
designed and built all the data acquisition hardware and have written the on-line software
for data acquisition.
4.

Soudan 2 Electronics

Work continued to support the Soudan 2 nucleon decay experiment. Our
involvement has become primarily one of construction and maintenance.
5.

Construction, Maintenance, and Procurement Summary
SOUDAN
Veto Shield Shutoff Cards - Produced 8
Front/Back Splitters - Produced 120
High Voltage Feeders - Produced 30
Anode High Voltage Distribution - Produced 4 - Upgraded 3
Preamps - On order 134
Calibration Modules - On order 30
Existing Electronics - Maintained as necessary
ZEUS
Backplane - Produced 2
Communication Card - On order 2
Simple Comm Card - Produced 2
Input Card - On order 7
Algorithm Card 1A - Produced 2
Algorithm Card IB - Produced 2
Algorithm Card 2 - Produced 2
Algorithm Card 3A - Produced 2
Algorithm Card 3B - Produced 2
Algorithm Card 4 - Produced 2
Algorithm Card 5A - In design
Algorithm Card 5B - In design
Algorithm Card 7 - In design
48/96 VME Multiplexer - In Production 18
CDF
CES/CPR Trigger - In design
Active Patch Panel - In design
MHD TEST FACILITY
Shunt Rack - Produced 1
Electrode Tap Interface Box - Produced 1
Physics Division
Built Prototype APEX Trigger Module
(J.Dawson)
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C.

Computer Support
During the past year a significant upgrade to the the HEP computing resources has

been implemented by the design, acquisition and installation of a Unix-based workstation
network. This is a centrally managed group of Silicon Graphics based servers and
workstations. The two server systems are based on SGI 4D/35S and include 2 8mm cape
drives and 5 Gbytes of disk available as a shared resource to the other workstation via NFS
and RPC on a tcp/ip ethernet. Four workstations (three 4D/25 and one 4D/35) were
acquired for HEP personnel working on SDC and CDF. This Unix cluster provides an
aggregate increase of 5 times the computing available in the HEP VAX/VMS cluster. The
planning and acquisition of two new low cost 4D/rpc workstation is in progress. The
computing group has also taken on the management of the two electronics group
workstations, and has provided advice and help on the integration of individual
workstations for the ZEUS, PPT and Accelerator groups. The number of 30x86 based PC
using Pathworks networks in the Accelerator and Engineering groups has grown, and the
computer group provides continuing help, maintenance and network integration. An
AppleTalk network of Apple Macintosh workstations and laser printer for the division
management was installed during the past year. In addition to the continuing general
maintenance of the HEP VAX/VMS cluster, the following software systems were added to
the cluster:
•

Mathematica

•

C compiler
TeX

•

Upgrades to the CERN Library

Support for design and implementation of software for the ZEUS data acquisition system
was provided. A VAXstation 3100 from the HEP cluster was loaned to Fermilab for one
year to support the SDC detector test beam work.
(E. May)
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IV. ACCELERATOR RESEARCH AND
DEVELOPMENT
A.

Advanced Accelerator Test Facility (AATF) Program

1.

SLAC NLC Cavity Measurements
The focus of the AATF effort in this period involved engineering tests related to the

upcoming measurements of full-sized prototype NLC structures. In order to perform these
experiments, it will be necessary to measure wakes out to delays of 3 ns (near the
maximum extension of the trombone) through a i m long structure, whereas typical
measurements to date have been performed out to delays of 1 ns in 50 cm test devices.
The low energy line was manually retuned at approximately 500 ps delay intervals,
and the tune parameters stored on disk. The online control program was modified to read
in these tune parameters and interpolate between them in the course of data taking. Tuning
through the longer test section posed no serious difficulties. Figure 23 shows the results of
a full 3 ns scan, using the damped structure described in the next section as a test device.
We expect to perform the next round of NLC structure measurements in the spring
of 1992, pending completion of the prototype device construction at SLAC.
2.

Damped Structures
Experiments are continuing on damped accelerator structures. Damped structures

propagate unaltered the desirable azimuthally symmetric accelerating waveguide modes
while damping the harmfully deflecting non-axisymmetric modes spawned as wakes of
misaligned beams. The latest tests are being performed on conventional iris-loaded
accelerator structures for application not only in future high-gradient linear colliders, but
also for circular machines such as the SSC or B-factories.
Deflection-mode damping is achieved by slotting the irises radially and inserting
disks of a ferrite loaded absorbing material. The degree of deflection-mode damping
resulting from this technique has been found to be sensitive to the waveguide mode group
velocity. Thus tests are being performed on low group velocity structures with damping
times on the order of several nanoseconds as opposed to the much faster (-100 ps)
damping times achieved in the past with high group velocity dielectric-lined waveguide.
Some preliminary measurements were made at the AATF during the course of the
long-delay engineering runs. The data appear to show some damping of the transverse
wakes but are not conclusive due in part to beam stability problems. Further experiments
are planned.
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Fig.23. AATF long-delay measurement of the longitudinal wake in a test structure. No
baseline subtraction or other corrections have been applied to the data.
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3. Conductive Dielectric Structures
Practical dielectric wakefield structures will require some mechanism for
ameliorating charging effects caused by beam halo. Use of a dielectric with a very small
ohmic conductivity is one possible solution. A dielectric structure was fabricated from
borosilicate glass which exhibits a slight conductivity when heated. Initial results were very
promising. No charging effects were observed, even with cold glass. The expected wakes
were present, however.
B.
1.

Progress on the Argonne Wakefield Accelerator (AWA)
Conventional Facilities
The installation of basic services at the AWA was completed. Electric power and

lighting were installed in the accelerator vault, laser room, and control room. Air
conditioning was provided in the laser and control rooms and cooling water supplied for
the laser system. The control console was moved into place, and a support table for laser
electronics was constructed.
The laser safety interlock system and associated warning displays were installed.
Smoke detectors were placed in the control and laser rooms. The laser room and gas
cabinet ventilation systems were made operational.
The upstream labyrinth on the accelerator vault was reconfigured to provide better
accessibility and to further reduce potential radiation leakage. The hole through the shield
wall for laser beam transport to the gun was bored.
2.

Laser System
The laser table was designed and installed upon the completion of the laser room.

The laser system will ultimately be capable of producing 2 ps 5 mJ pulses at 248 nm. The
installation of the laser system began in November.
The laser consists two major sub-systems, a Coherent ultra-short pulse generator
and a Lambda Physik amplifier. The commissioning of the first part of the system is
complete. Mode locked pulses at the design specifications (80 Mhz rep rate, 150 mW, 1.7
ps at 496 nm) were produced. All individual parts of the amplification system have been
tested and the integration of the whole system will be completed in the first half of 1992.
3. Gun Cavity High Power Test
The AWA photocathode gun cavity was tested under high power using 1.3 GHz rf
available at the building 211 Chemistry linac. The cavity conditioning process to achieve
high electric fields for electron acceleration was initiated by applying increasingly higher

49
levels of if power to the cavity while monitoring dark current and input waveguide forward
and reflected rf signals.
This time consuming process was carried out to the rf input power level of 1.1
MW, which corresponds to an accelerating electric field on the photocathode electron
emitter surface of 80 MV/m. At this point, high dark current out of the cavity and
intermittent rf breakdown required long periods of steady operation to allow these effects to
dwindle.
Although the field strength attained on the photocathode is sufficient for initial beam
studies, further long-term conditioning will be required to achieve the design accelerating
electric field of 92 MV/m (corresponding to an input power of 1.8 MW). This may be
postponed until the AWA dedicated high-power rf source is delivered in June 1992. In the
interim, the photocathode cavity will be removed from the building 211 rf circuit,
inspected, cleaned, and reassembled in the building 366 AWA vault.
4.

Data Acquisition
The benchmarking of workstations for use as the initial control and data aquisition

machine at the AWA was completed, with the HP/Apollo 750 emerging as the computer of
choice. An acquisition plan was prepared and the order for the machine submitted.
C.

Accelerator Physics
Measurement of very small (few nm), high power beams, of the sort that might be

produced by the next generation of Linear colliders, is difficult. A system using
bremsstrahlung radiation nonimaging optics has been developed and proposed to DOE for
use on the SLAC Final Focus Test Beam. The particular system being considered is
expected to have a resolution on the order of 20-30 nm. This is not close to the ultimate
limits of the method, which might be in the range 1.5-4 nm, because of compatibility
problems with beam line elements downstream of tfu final spot. Nevertheless, the method
should be adequate for the 60 nm spot size proposed for this line, and useful for
measurements of the phase space density, beam focusing in foils and plasmas, and beam
line performance and stability.
(J.Simpson/P.Schoessow)
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V. SSC DETECTC2 RESEARCH AND
DEVELOPMENT
A.

Overview of ANL SSC Related R&D Programs
Argonne's work on the SSC physics program is strongly concentrated on R&D

and on design v ^rk for the Solenoidal Detector Collaboration (SDC), one of the two major
detectors expected to be built for the initial physics program at the Supercollider. About 20
physicists and engineers from ANL are members of the SDC, taking several leadership
roles in both management and technical aspects of the collaboration. Management work
includes membership by Argonne staff on all major governing boards of the collaboration
and on several ad hoc technical review committees charged with recommending technology
choices to the Technical Manager and Executive Board.
Technical work has been focused on R&D and design of central calorimetry and of
offline computing for SDC. The focus of the collaboration and of Argonne's work during
the second half of 1991 has been on the preparation of the Technical Design Report, due to
SSC Laboratory on April 1,1992. In addition to preparing clear descriptions of our plans
and designs, preparation of the report has involved finalizing requirements and developing
conceptual designs as far as practical by the due date. The extensive work done on
calorimetry, both in design and in beam testing, is described below.
Argonne physicists and engineers have participated centrally in many aspects of
defining the detector and preparing the Technical Proposal/Design Report (TDR), due at the
Laboratory on April 1,1992. In particular, we note the major contributions:
•

Calorimeter Working Group co-chair from Argonne. The working group identified
requirements and specifications for SDC calorimetry and organized reviews of
calorimetry culminating in the selection of Calorimeter technology in September,
1991. The working group has prepared the calorimeter section of the TDR.

•

Calorimeter review committee. Two Argonne physicists sat on this committee
which reviewed calorimeter technology choices from the standpoints of physics
requirements, performance, and cost, and presented evaluations to the Technical
Board.

•

Computing Working Group co-chair from Argonne. The working group has
prepared requirements and specifications for SDC computing and written the
Computing chapters of the TDR.

•

Calorimeter cost studies, working with industrial partners.
In the computing area, Argonne has provided leadership of the SDC Computing

Working group as it has prepared requirements and a conceptual design of the SDC offline
computing system. Argonne physicists also forged a collaboration of physicists and
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computer scientists to carry out R&D on the single toughest computing problem facing
experiments at the SSC: efficient means of storing and accessing data estimated at 2 x 10 15
bytes (2 Petabytes) per year of both raw and reconstructed data. Funding for the computer
science portion of this collaboration were provided in FY 1991 and early FY 1992 as an
early start High Performance Computing and Communication Initiative project through the
DOE/Energy Research office of the Scientific Computing Staff.
Meeting at SDC collaboration meetings and in several special workshops, the SDC
computing group has defined requirements and provided a conceptual design for a
computing system that will meet the requirements. In particular, Argonne physicists have
taken responsibility for sections of the TDR on hardware design, networking, and cost and
schedule projections.
B.
1.

(L. Price)

Compensating Scintillator Plate Calorimeter R&D
Program Overview
The compensating scintillator plate calorimeter R&D program successfully

accomplished many objectives during this period. Both test calorimeter modules were cast,
instrumented with tile-fiber assemblies, and tested in a high energy beam at Fermilab. The
complexity of the fiber installation and routing involved in this assembly can be seen in
Fig. 24, which shows Module 1 prior to installation of the cover plates and mounting of the
phototubes. Due to tile production difficulties, only a partial complement of towers were
instrumented in the first module. However, all ten towers of the second module were
instrumented. Beam data, showing that the calorimeter performance met the SDC
specification, were successfully obtained in time for the SDC technology decision in
September of 1991. Following installation of the combined pair of modules in the MP
testbeam in November, our full testbeam program was accomplished prior to the
termination of the Fermilab fixed target program. This included data on hermeticity in the
region of the stainless steel bulkheads within the module and in the gap between modules.
Preliminary data were presented to the SDC in early December, and the collaboration has
decided to adopt this design of electromagnetic calorimeter as its baseline design for the
technical proposal to be submitted to the SSC Laboratory in April 1992. However, our
simulation program has demonstrated that with the reduced scope of the hadron
calorimeter, compelled by cost, the use of iron absorber would be wholly adequate and
therefore the development of a hadron calorimeter based on cast lead absorber plates was
dropped in the latter part of the year.
The basic R&D elements of this program are now complete. The engineering and
additional development associated with the design and construction of the EM calorimeter
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modules are now being carried out under the oversight of the SDC management. Further
details are given below on the technical program completed in this reporting period (optical
system fabrication, simulation, engineering design and finite element analysis and testbeam
evaluation of the test calorimeters).

2.

(J. Proudfoot)

Optics for the SDC Scintillator Plate Calorimeter
During this time our main activity was the assembly and testing of about 450 tile-

fiber units for the two cast lead calorimeters used in the test beam. Much experience was
gained in dealing with different materials and performing quality control.
Tiles for the first three towers were completed and the calorimeter was put into the
beam in August. Construction, testing, and installation went relatively smoothly. The tiles
were fabricated from a co-polymer material from Bicron. Each of the 87 tiles was a
different size. BCF-91 wavelength shifter (WLS) fiber, 1 mm in diameter, was used.
Each WLS fiber was a different length to match the tile size, typically 55 cm. The clear
fiber was obtained from Kuraray, with a diameter of 1 mm and an attenuation length of
about 6 meters. As described in the previous report, the tiles in the first calorimeter were
laser cut and then annealed to prevent crazing. Some difficulty was experienced in laser
cutting so that the tiles were produced with a slightly rounded edge and a slight ridge on
top. The tile-fiber assemblies were wrapped tightly in thin aluminized mylar and the fibers
routed on top of each tile within the slot in the cast lead. It was found that by a simple
masking of the WLS fiber to prevent double counting near where both ends exited the tile,
a uniform response (better than 3% over most of the tile) could be obtained with no
masking of the tile. No glue was used to hold the fibers in the grooves in the tile, only two
very small pieces of tape and the aluminized mylar wrapping. The 2.4 meter clear fibers
were welded to the WLS fibers before assembly into the tiles. Thin steel tubing ferrules
were glued onto the splices to relieve mechanical stress. An example of a tile fiber assembly prior to wrapping is shown in Fig. 25. These tiles performed well, with an average
light output of about 3.6 photoelectrons at the R580 tube with an rms spread of about 7%.
This is shown in the first three points in Fig. 26. We recall that a test with a Philips 2081
green extended tube gave no improvement in performance even though it was in principle
better matched to the green from the K27 shifter. Perhaps bad photocathode efficiency
cancelled what should have been a factor of two better matching.
Considerable production difficulties were experienced with the remaining two
towers of tiles installed in the first calorimeter. A typical spread in the response before
some problems were corrected was 2.6 to 4.4 photo-electrons, i.e. ± 26%. Three major

•'V,

Fig. 24. EM test module 1 following insertion of initial
complement of tiles and fibers. The stainless steel skin
covering the fibers is removed in this photograph.

Fig. 25. An example of the tile-fiber
assembly used for instrumentation of the EM
test modules.
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factors were found to contribute. First, we had received a new spool of wave shifter fiber
during the production and it was not known that it was BCF-91 A instead of BCF-91. The
new fiber gave ~ 20% less light output. There was no labeling of each of our fiber
assemblies to indicate the fiber batch from the factory. (Other differences between the two
kinds of fiber are described later). Second, the procedure for gluing the steel ferrules over
the fiber splice developed for construction of the previous three towers was not transmitted
to the summer students available to do the gluing on the later assemblies. It is necessary to
glue the ferrule well to both the shifter and clear fibers. (The ten-day half life of optical
transmission in stressed joints was described in our previous report.) Thirdly, some of the
tiles had 28% less intrinsic light output than the average. On close inspection, these had a
wavy internal appearance. They were sliced and polished and the wavy appearance
persisted in the bulk material. It is not known whether this is due to inadequate mixing of
the co-polymer or damage from the annealing by the laser cutter. We eventually replaced
the BCF-91A fibers in the two utilized towers with the remaining BCF-91 fibers from what
was to have been a third tower. The rms spread for these three towers was about 13% to
14%, as shown in the second three points in Fig. 26.
For the second cast lead module, 290 tiles plus spares and test pieces were made for
10 towers. The materials used were different from the first calorimeter. The scintillator
was polystyrene instead of co-polymer and gave less light output. The tiles were machined
at Florida State, and no polishing was done. BCF-91 A waveshifter was used. Also, an
improved version of Bicron clear fiber was used which had an attenuation length about the
same as the Kuraray fiber. The net light output was about 1.8 photoelectrons instead of
3.6, but the tradeoff was in improved tile-to-tile uniformity and ease of construction. Most
of the towers had rms spreads of 5% to 6.5% over the 29 tiles per tower. Larger spreads
resulted in cases where a few tile assemblies appeared to have bad fibers which were
discovered too late for replacement. In general, an effort was made to insure that tiles near
shower maximum got good fibers while the poor fibers were juggled to the backs of the
towers. Again, each tower had 29 different sizes of tile, and each of the five T| positions
was different, so there were 145 different tile sizes. The response data for the second
module are summarized in the right half of Fig. 26.
Some tests of fiber properties were made which suggest that more investigation is
needed. One spool of BCF-91 A was made up of three lots. The response of the individual
lots to scintillator light was the same within about 2% (on the order of the measurement
error), but other tests were less encouraging. In one test, the center of 1 meter of BCF91 A was wound about 3 turns in circle of 5 cm diameter. Transmission tests in both red
and green light showed only half the light transmission while part of the fiber was coiled in
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a 5 cm circle compared to the transmission with the fiber in a 30 cm circle. After the fiber
had been coiled in a 5 cm circle and straightened, the transmission largely recovered within
1/2 hour. Similar tests on BCF-91 before design of the calorimeter had shown such effects
only at much smaller radii, even after irradiation by Co 60 . Thus, we believe that most of
the loss is related to fiber properties and not just due to loss of cladding carried light. In
another test, a piece of BCF-91 A was wound around a 5 cm paper cup and exposed to
room lights from July 9 to October 9. The output, when tested with a scintillator, had
fallen to 0-1 adc count from the 165 adc counts measured in July. We have other cases of
fiber becoming less effective after being exposed to room light for a month, but these are
less well documented. Another problem, reported by the person at Fermilab who did most
of the fiber splicing, was that the 91A was very different from the 91 in that more applied
pressure was required to obtain a proper splice.
In the course of preparing tiles for a beam dump irradiation test, we discovered that
the scintillator light is coupled to the shifter fiber much more effectively if the fiber is on the
edge of the 2.5 mm thick tile rather than in a groove in the surface. The aluminized mylar
wrapping may function as an almost parabolic focuser onto the fiber. This geometry had
been tried previously but with glue providing inferior light transmission on both the fibertile interface and on the aluminized surface. No glue is used in this more effective coupling
scheme. The increase was from about 100 adc counts to about 188 counts in this new
geometry.
A simple test was made which might be useful for calibration. A blue (silicon
carbide) light emitting diode was embedded in a tile. The excitation of the waveshifter fiber
is similar to that from scintillator light and may have a similar dependence on the
transmission of blue light in a radiation damaged tile. The chips for such LED's could
possibly be cast into the tiles during manufacture. We hope to do an irradiation test to
determine the utility of this calibration scheme in the future.
(D. Underwood)
3.

Simulation Studies for Calorimeter Design
Development of the simulation tools for calorimeter design and the optimization

studies for a scintillating plate calorimeter for SDC were the major activities of this
reporting period. CALOR89 simulation results were earlier compared with four
experimental test beam configurations (NIM A309.60 (1991) and the input parameters
were optimized. We then used these optimized parameters to estimate the performance of
the suggested configurations for SDC.
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Six configurations, with one electromagnetic and two hadronic sections, were
simulated to explore the feasibility of a lead-iron based three segment calorimeter (ANLHEP-PR-91 83). Table 1 summarizes the six configurations that have been examined with
CALOR. The first section is a fine sampling electromagnetic calorimeter consisting of lead
scintillator cells. The composition and thickness of the passive material for the second
segment are varied. Iron and lead with different sampling thicknesses are used in this
section. The third segment is iron in all the configurations, with the sampling thickness
being varied. In all the configurations the thickness of the scintillator is 0.25 cm. The total
longitudinal dimension of the three segments together is approximately 10 X of the absorber
material. The signal from each segment is weighted appropriately using the (dE/dX)
weighting scheme and summed up for each event. The e/Jt ratio, electromagnetic and
hadronic resolutions are estimated as a function of energy. The range of incident energy
scanned in this study was 10 to 250 GeV.
The results are given in Figs. 27 and 28. These results show that the e/rc ratio and
the hadronic resolution depend upon both composition and thickness of the passive material
of the second segment. When either the thickness of the lead is increased in the second
segment (configuration 2), or the lead is replaced with iron (configuration 3,4 and 6), the
resolution worsens, both in terms of the coefficient of the energy dependent term and the
constant term. Doubling the iron thickness in the third segment (configuration 1 and 5) did
not significantly worsen the resolution or the constant term. Configurations 1 and 5 are
nearly as good from the point of view of the SDC design specification of 50% ^E
resolution with the constant term < 2%.
In order to decide the question of Pb/Fe absorber for the hadron calorimeter of SDC
last November, two hanging file configurations were simulated using CALOR89 along
with several variations of these configurations. These consisted of an electromagnetic
section of Pb/scintillator of 0.32/0.30 cm, and a hadronic section of 2.54 cm of Pb or Fe
with 0.30 cm of scintillator. One of the important issues in these multiabsorbermultisegment calorimeters is the matching of signals from electromagnetic and hadronic
sections such that the hadronic resolution will be a minimum. Weight factors other than
dE/dX are used in the simulation so that the hadron resolution can be minimised. It has
been observed that while the dE/dX weight factor is a good choice for lead absorber, the
weight factor differs considerably from dE/dX for iron to have the minimum hadronic
resolution. For easy comparison with the experiment, the weight factors optimized by the
hanging file measurements at FNAL have been used to calculate the hadronic resolution
(Fig. 29). A preliminary comparison with hanging file measurements show that while
simulation agreed well with the Pb configuration in the hadronic section, there is
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considerable disagreement (~ 20%) with the measurement with Fe in the hadronic section.
The measurements show slightly better resolution for Fe than Pb hadronic calorimeters
while simulation shows the converse. Several other hanging file configurations are being
analyzed to resolve this discrepancy.
Table 1
Three-Segment Calorimeter Configurations Simulated by CALOR

Conf. 1
Thickness (cm)
Unit Cells
Conf. 2
Thickness (cm)
Unity Cells
Conf. 3
Thickness (cm)
Unit Cells
Conf. 4
Thickness (cm)
Unit Cells
Conf. 5
Thickness (cm)
Unit Cells
Conf. 6(a>
Thickness (cm)
Unit Cells

EMC
Pb/SCIN
0.55/0.25
20
Pb/SCIN
0.55/0.25
20
Pb/SCIN
0.55/0.25
20
Pb/SCIN
0.55/0.25
20
Pb/SCIN
0.55/0.25
20
Pb/SCIN
0.32/0.25
35

HAD I
Pb/SCIN
1.55/0.25
34
Pb/SCIN
3.55/0.25
15
Fe/SCIN
3.55/0.25
15
Pb/SCIN
3.55/0.25
15
Fe/SCIN
1.55/0.25
34
Fe/SCIN
2.54/0.25
31

HAD II
Fe/SCIN
3.55/0.25
27
Fe/SCIN
7.55/0.25
13
Fe/SCIN
3.55/0.25
27
Fe/SCIN
7.55/0.25
13
Fe/SCIN
7.55/0.25
13
Fe/SCIN
5.08/0.25
12

10 cm Al plate in front of EMC and 2.5 cm Al plate between EMC and HAD I.
(P. K. Job and L. Price)
4.

Mechanical Design and Testing for the SDC Central Calorimeter

a)

Barrel Calorimeter Design
Within the SDC collaboration a serious effort was made to achieve a consensus,

which resulted in convergence in many areas of the design. A decision was made, based
on simulation results, to construct the HADl section of the barrel and end cap from steel
plate instead of lead. This required a restructuring of the mechanical layouts to accommodate this change. There was also agreement, late in the actual reporting period, to
use an axisymmetric design for the 64 <]> wedges that will yield 32 actual (j) wedges. This
design will be incorporated into the cast lead barrel EM segments.
A first try at routing optical fibers and placement of photomultiplier tubes was also
incorporated into the barrel design. Figure 30 illustrates a worst case mapping of the

Tile/Fiber Model-B Calorimeter

Fig. 30. Phototube layout at outer radius of the barrel calorimeter.
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phototube layout at the outer radius of the barrel calorimeter. The routing of fibers to
terminate at these locations is illustrated in Fig. 31. Changes in absorber plate thicknesses
resulted in many iterated mechanical layouts to achieve a coherent design. The details of
the current layouts incorporating these changes are illustrated in Figs. 32 and 33.
b)

Barrel Calorimeter Finite Element Analysis
The finite element analysis was done using the design shown in Fig. 32. The

recent design change, from lead to steel absorber in the HADl sections, is not reflected in
the analysis presented here. The primary changes from a mechanical standpoint are a
reduction in overall weight and an increase in the stiffness of the system. The reanalysis of
the barrel calorimeter configuration with the steel absorber is in progress.
A simplified numerical model was used for module simulation. The structural
frame, consisting of the inner and outer plates, the end plates, and the connecting bulkhead
membranes was modeled in detail. The lead absorber plates, due to the complexity of
modeling laminate structures, were represented as solids with the stiffness and density
adjusted to reproduce the properties of the lead plate construction. The composite stiffness
used to model the lead structure was determined by using the ratio of load carrying area to
the total area and using this ratio to modify the stiffness of solid lead. The densities are
modeled by using the ratio of total volume to occupied volume.
To connect the wedge model into the assembly, the interface boundaries between
modules were separated by .030" and attached at discreet points along those boundaries,
located as shown in Fig. 34. These points were deliberately chosen to represent actual
boundary load transfer points. The difference between modeled and actual nodes was in
total number. The design will increase the number of load transfer points in most cases by
a factor of five. The finite element model of the final assembled quarter barrel is depicted in
Fig. 35.
The EM, HADl and HAD2 sections are layered structures that have been approximated by solid elements. Since the stiffness of these sections is unknown, certain assumptions were made. The HAD2 section is a welded structure with alternating cells, so it was
assumed that the modulus of steel, 60 x 10^ psi, would be a good approximation to the
HAD2 stiffness. The HADl and EM sections, however, are composed of layers of lead
connected together with thin (.020 in.) bulkheads. The stiffness of these structures is
unknown, so upper and lower limiting cases were established. The upper limit of the
stiffness of these sections is the modulus of solid lead. The lower limit was found by
taking the ratio of the load carrying area to the area of a cell (the bulkhead area) and
multiplying it by the modulus of lead. Separate cases of the analysis were run using these

Fig. 31. Fiber routing scheme for the barrel calorimeter.
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Barrel Calorimeler

Fig. 32. Cross section of half the barrel calorimeter.

Endcap Calorimeter

4793.43

Fig. 33. Cross section of the end cap calorimeter.
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Fig. 35. Finite element model of the quarter barrel calorimeter assembly.
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upper and lower limits of the EM and HAD1 stiffness. This method does not allow exact
values of the connecting forces to be calculated, but rather an upper bound on the forces.
The final design will reflect the case in which the forces are largest.
Four different cases were run using a combination of the limiting case stiffnesses
for the EM and HAD1 sections and different size connecting rods between the modules as
summarized in Table 2. The use of different size rods permitted the study of the effect of
size on the connections.
Table 2. Case Numbers for Connection and Stiffness Variations.

Case #
1 (Lead Modulus)
2 (Modified Modulus)
3 (Lead Modulus)
4 (Modified Modulus)

EM Stiffness
<r/e (psi)

HAD1 Stiffness
o/e (psi)

Rod Diameter
(inch)

2xlO6

2xlO 6
35 x 103
2xlO 6
35 x 103

1/4

3

24 x 10
2xlO6
24 x 103

1/4
1
1

The connecting forces calculated for the barrel are distributed along the length of the
boundary plates. For example, if a maximum normal connecting force of 400,000 lb is
found along the EM-HAD 1 boundary, and this boundary has 29 bearing points at which
the modules are connected, each point with a cross sectional area of 1 in 2 , then each point
carries a load of ~ 14,000 lb and has a stress of 14,000 psi. The forces, normal to the
interface surfaces and the radial and axial shear loads are shown in Figs. 36 through 38.
When the lead in the HAD1 section is replaced with steel the forces will be reduced
by the decrease in weight, and the individual connecting forces will change due to the
increased stiffness.
c)

Endcap Calorimeter Design
The baseline parameters were set for the end cap calorimeter during this reporting

period. The end caps will be constructed of independent wedges, each a 1/32 section of the
360° end cap. The electromagnetic portion also consists of 32 sections but will be
independently removable from the front end. The high radiation area of the hadronic
section, in the T| range of 2.0 - 3.0, will be a monolithic removable plug. An isometric
projection of an end cap wedge is shown in Fig. 39.
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Fig. 36. Barrel calorimeter forces normal to the surface as a function of module position.
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Fig. 37. Barrel calorimeter radial shear force as a function of module position.
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Fig. 39. Isometric projection of a single
endcap wedge.
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d)

Endcap Calorimeter Finite Element Analysis
The endcap was modeled in a manner similar to the barrel. The EM front plate, the

EM-HADl boundary plate, HAD1-HAD2 boundary plate and the back iron structure were
modeled first using plate elements with the appropriate thicknesses to form the basic frame
shown in Fig. 40. The individual modules were connected to each other at 22 points, 8
along the EM-HADl boundary, 6 along the HAD1-HAD2 boundary and 8 along the back
iron. The EM section once again is composed of layers of lead plates separated by thin
bulkheads. This presents the same problem of modeling as it did in the barrel, namely how
to model the stiffness of these structures appropriately. Instead of modeling the EM and
HAD1 structures using solid elements and then varying the stiffnesses of this solid to
approximate the stiffness of the structures, individual plates of lead were used. The EM
section has 12 lead plates, each 10.5 mm thick, separated by bulkheads. These were
approximated by 4 plates which were 1.24" thick and separated by 7 bulkheads. This
method approximates the stiffness of the EM structure but is not so detailed that the
problem becomes to large to run. Similarly the HAD1 section has 28 steel plates, each
20.5 mm thick which were approximated by 5 plates, each 4.5" thick and separated by 9
bulkheads. The stiffness of lead, 2 x 10 6 psi, was used for all of these plates. The HAD2
section was approximated by solid elements and the stiffness of steel, 30 x 10^ psi, was
used. HAD2 is a welded structure with very few cells and therefore it is expected to
behave as if it were a solid structure. Figure 41 shows the module wedge and the position
of the connecting points. This module was then copied and rotated to form a half endcap as
shown in Fig. 42. Advantage was taken of symmetry so that only half of the endcap was
modeled. This reduced the size of the problem and the required computation time
considerably. The bottom 4 modules were fully supported along the entire length of the
outside diameter of the structural iron.
The results of this analysis produced similar results to those obtained for the barrel.
A summary of the maximum forces expected at any interface boundary are represented in
Table 3.
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Fig. 40. Endcap wedge module rough frame model.

Fig. 41. Endcap wedge connecting points.
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Table 3. Interface boundary maximum forces.

Boundary
EM/HAD 1
HAD1/HAD2
Outer Row
e)

Max. Normal Force
+0 (tension)
-17,000 lbs. (compr)
+0
-30,000
+2,000
-35,000

Max. Radial Shear
-3,000 (inward)
+7,000 (outward)
-10,000
+12,000
-15,000
+15,000

Max. Long. Shear
-2000
+2000
+2,000
+2,000
+12,000
+2,000

Lead Creep Tests
To help supplement the sketchy knowledge available on the creep characteristics of

lead, a series of mechanical creep tests have been conducted at Argonne on a number of
lead samples. These measurements will provide information on the behavior of lead under
loading in the SDC detector.
The first series of tests were performed with 1/8" lead sheets cut to 1" wide by 6"
long. Weights were hung off the bottom of these strips to create a constant stress loadings
of 40, 50,60, and 80 psi. The weighted strips were hung in an oven at 327°K (129°F) for
1961 hours. This effectively simulated the creep that would occur in 211,000 hours
(approximately 24 years) at 80°F (the assumed mean operating temperature of the
calorimeter).
The results show that under a maximum load of 80 psi, a lead sheet would creep at
about the rate of 1.18 x 10"8 in/in/hour (.0001 in/in/year) (Fig. 43). Another battery of
creep tests are currently being conducted on samples of a calcium-lead alloy, which is much
stronger than regular lead.
4.

Test Beam Program

a)

Overview of Test Beam Installation

(N. Hill)

The performance of two EM test calorimeters was measured using high energy
electron and pion beams in the MP9 area at Fermilab. This area was also the location used
by the polarized beam group at Argonne, during earlier running periods, and much of the
beamline instrumentation and expertise was provided by this group. In particular this
included the beam tagging and triggering system, the operation of which was essential to
the success of this test effort. We acknowledge here the great efforts of this group in
supporting our own endeavor.
A schematic of the MP9 beam transport is shown in Fig 44. The beam momentum
tagging is obtained from the hodoscopes. The two threshold Cherenkov counters provide
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Fig, 42. Finite element model of one half endcap assembly.
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Fig. 43. Lead creep results after 1961 hours (equivalent to 24 years at the detector's
operating temperature).
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electron-pion tagging for momenta less than about 200 GeV. A key issue is the resolution
and spread of the tagged beam as one of our goals is to determine the constant term in the
resolution of the calorimeter and how this constant term is related to the rms spread in tile
response in a tower and the distribution of this variation. A study was done several years
ago which indicated that the initial momentum selection in the parasitic mode of beam
running which we used was about 0.4% Unfortunately, the beam traverses material which
can broaden this by bremsstrahlung. We have a momentum measurement system after
some of this material. A Monte-Carlo study was done to determine the effects of multiple
scattering in the measurement system on the quality of the measurement The results are
shown in Fig. 45. Unfortunately, it appears that the momentum spread in the beam is
dominated at high energy (100 GeV) by bremsstrahlung from materials in the Cherenkov
counter, gas and mirrors, and the 20 meters of air and plastic hodoscopes in front of the
calorimeter. This additional spread has not yet been calculated.
In early November, the Fermilab operation group informed us that it would be
possible for us to operate the beam line up to 200 GeV. As a result we implemented a plan
to improve the beam tagging by addition of wire chambers. These chambers were installed
and read out successfully only in the last days of the run and as yet we do know if we were
successful in improving the beam momentum measurement.
b)

Test Program
Module 1 was installed and first read out in the MP9 area in July 1991. From then

until the completion of the Fermilab fixed target program, beam time was shared both with
other groups within the T841P collaboration (studying pre-shower and shower maximum
detectors, and hadron calorimetry) and with other testbeam efforts in the experimental area.
In total, T841P accumulated approximately 1000 hours of scheduled beamtime. Although
primarily concerned with testing the calorimeters, the Argonne group contributed to all of
the above elements of the program and provided much of the technical leadership of the
enterprise. The objective of the Argonne group was to demonstrate the uniformity
hermiticity and linearity of our test electromagnetic calorimeter. Data were taken on the
following aspects of this design (for reference a layout of the front face of the calorimeter is
shown in Fig. 46):
•

Tower center response to 35 GeV electrons, for all instrumented towers in the
calorimeter.

•

Response and energy resolution for electron energies between 10 and 150 GeV, in
several towers.
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•

A horizontal scan across the center of all towers, with emphasis on evaluating
uniformity of response and resolution across bulkheads between towers (Scan A).

•

A vertical scan across the center of towers 1,2 and 3 to study both tile uniformity
and the azimuthal gap between modules, through which the readout fibers run
(Scan Bl, 2, 3).

•

A horizontal scan along the azimuthal gap between module at angles of inclination
-3,-2, 0,2, 3,4 degrees with respect to the incident beam. This included one tower
whose calorimeter readout was segmented into depths, which therefore provides
additional information on the location of the particle shower. The scans at 0 and 3
degrees were repeated with lmm of lead sheet placed between the two modules.

•

A full face scan of one tower to determine overall uniformity and to search for
"hotspots" associated with the readout fibers.

•

A measurement of the energy resolution in one tower in which a 2.6 attenuating
neutral density filter had been placed between the readout fibers and the phototube.
This allows an estimation of the light output of the tower.

•

A measurement, in one tower, of the response to 35 GeV electrons as a function of
integration gate.

•

Various measurements taken in conjunction with other detector tests also provide
data for calorimetry. Tests with the preshower detector and coil simulator provide
data on the effect on the calorimeter response from material in front of it as well as
information on electron identification. In addition, data were taken with a lead glass
calorimeter to measure the beam profile and particle identification criteria.

•

The response of the calorimeter was measured using a calibration system with
Cs 1 3 7 line sources at several points in the run for comparison with the beam
response.

•

Part of the running included use of an unseparated beam, so data on the response to
high energy muons was also obtained.
Some of the above data have already been analysed. Preliminary results are

presented in Section V.B.6.
(J. Proudfoot)
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6.

Compensating Scintillator Plate Calorimeter Test Beam Results and Implications for
the Module Design
As noted in Section V.B.5 the first of the two E-M calorimeter tile/fiber modules

was installed for study in the Fermilab MP9 test beam area in July. This module initially
had three towers instrumented. Scintillator tile/fiber assemblies were added to two more
towers of the module in October. The second of the test modules was installed into the
test beam area in November. This module was fully instrumented in all ten towers. A
series of studies was made in the period from September through December to determine
the viability of the basic design of the calorimeter and to answer a number of questions
concerning potential problems such a calorimeter might have in the SSC experimental
environment. Most of the analysis to date was done online as the data were taken. The
results described in the following discussion are taken mainly from this online analysis.
Upon the completion of the Fermilab fixed target run in January 1992, a comprehensive
analysis of the data will be performed.
The studies made using the two test calorimeters included the following:
•

"Calibration" of each of the 15 instrumented towers via a long data run with
the beam centered on each tower. In preparation for these runs the
phototube voltages were adjusted to obtain nearly equal response from all of
the towers.

•

Resolution of the calorimeter as a function of electron energy in the range
15-35 GeV.

•

Study of the linearity of the response for incident electrons from 15-150
GeV.

•

Study of the variation of the response of the calorimeter when the
showering particle enters near or on the azimuthal crack between two
modules. Data were recorded when the electron had a trajectory parallel to
the crack and at angles of 2,3, and 4 degrees with respect to the crack.
Data were also recorded for cases in which the crack between the modules
was "filled in" with a 1 mm lead sheet.

•

Study of the variation of response of the calorimeter over the area of a single
tower. The tower was mapped in a grid of cell size approximately 0.5 x 0.5
cm 2 .
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•

Measurement of the response of the calorimeter at the tower center for
angles of incidence of the showering particle of 0 and 3 degrees.

•

Mapping of the calorimeter response in the vicinity of the stainless steel
support bulkheads.

The resolution of the calorimeter as a function of energy was measured shortly after
the first module was installed in the beam. Figure 47 shows o/mean response to be
consistent with the expected resolution of 1 8 % / V ( E ) . The mean response and its
variance were determined from a sample of electrons selected by demanding that the
electron had traversed a 3 x 3 cm 2 scintillation counter immediately upstream of the
calorimeter. A small fraction of the incident electrons lose significant energy in the material
upstream of the calorimeter and produce a low energy tail in the measured response. This
low energy tail has been excluded from the fit region in the data shown in the figure.
A measurement of the linearity of the calorimeter for electrons of energies 15-150
GeV was made and the detector was found to give a linear response to within
approximately 1% over this energy range. The data are displayed in Fig. 48. The
hodcscope used to measure beam momentum limited the precision to which linearity could
be determined. Data were taken near the end of December in which two planes of wire
chambers were used along with one of the hodoscope planes to give a more accurate beam
momentum determination. We therefore expect an improved determination of the response
and resolution of the calorimeter at 100 and 150 GeV.
One of the problems faced by all calorimeters is that of hermiticity. The tile/fiber
calorimeter will have uninstrumented gaps of a few millimeters width at the boundary
between modules (azimuthal cracks). If the cracks point to the interaction region, high
energy photons are able to "escape" the detector through the cracks giving rise to spurious
missing energy signals in the event data. Using the electron beam at 35 GeV a study was
performed to determine the observed effect of a projective crack and the extent to which the
effect can be ameliorated by orienting the crack at a slight angle with respect to the
interaction region. Data were taken with the electron beam incident parallel to the azimuthal
crack between the two test modules and with the beam at angles of 2,3, and 4 degrees with
respect to the crack. An indication of the effect of the crack can be made by studying the
pattern of energy deposited in the calorimeter towers on either side of the crack. Figure 49
shows the pulse height recorded in the lower of the two towers versus the response in the
upper of the two towers. Plots for incident angles of 0 and 3 degrees are shown. One can
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see the prominent region in the 0 degree data in which the electron deposits essentially no
energy in the calorimeter. By contrast, a rotation of the calorimeter by 3 degrees with
respect to the beam restores the response in this region to a great extent. A simple
correction can be made to the response in this region to provide a nearly flat response as a
function of position of the shower within the calorimeter. Data taken with a lmm lead
sheet inserted between the modules to fill in the crack indicate that this scheme does little to
enhance the response in the region between the modules. As a result of this study, we have
adopted a rotation of the modules of 3.5 degrees as our baseline design for the SDC EM
barrel calorimeter.
Final results on the all the studies listed above will be forthcoming from the offline
analysis to be performed after the end of the fixed target run.
C.

SDC Data Systems R&D
During the second half of 1991 (with a slight overlap from the first half), work

started on a project to develop a data access and storage system that will be appropriate to
SDC at the end of the decade. During the first half of CY 1991, partial support had been
requested from the DOE Scientific Computing Staff, who were planning an early start on a
few projects that could lead into the President's High Performance Computing and
Communication Initiative, planned to start in FY 1992. Initial funds were received for this
project in June 1991.
An Argonne physicist is spokesman for this project which is aimed at solving one
of the hardest new computing problems raised by SSC data: how to store it and provide
access to it in a way that lets the physicists think primarily about physics and not about how
the data is stored on tape or other media. Funds have been provided by the Scientific
Computing Staff of DOE/ER to allow computer scientists to work with physicists on this
problem. The collaboration includes the University of Maryland, University of Illinois at
Chicago, Lawrence Berkeley Laboratory, and SSC Laboratory, in addition to Argonne. In
the past year, this project has applied a computer-science approach to HEP data, with
entity-relationship and object-oriented analysis of HEP data structures. A sample of almost
1 gigabyte of CDF data has been loaded into commercial relational and object-oriented
databases to provide initial experience with database approaches to HEP data. Argonne did
the major work on Sybase, the relational demonstration platform. Initial performance
measurements indicate that the database approaches are at least competitive with the nowaging YBOS data management system used by CDF.

(L. Price)
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On the scattering of atmospheric muons in the rock above Soudan 2
H. Trost

PDK-504

Construction of Am2 - sin 2 20 Plots
R. Snyder, M. Goodman

PDK-506

Update of P822 The Soudan 2 Proposal for a Long Baseline Neutrino Oscillation
Experiment
E. Peterson

PDK-507

Prospects for Long Baseline Neutrino Oscillation Experiments
M. Goodman

WF-162

Photo-Cathode Cavity Fabrication
M. Rosing

WF-163

Radiation Field of Photocathode Electron
M. Rosing
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VII.

COLLOQUIA AND CONFERENCE
TALKS

E. Berger
"Calculation of Isolated Prompt Photon Production at Collider Energies"
"Particles and Fields '91, Vancouver, Canada (August 1991)
"Recent HEPAP Meeting and Subsequent Developments"
Argonne National Laboratory (November 1991)
G. Bodwin
"A New Lattice Method for Chiral Fermions"
Particles and Fields '91, Vancouver, Canada (August 1991)
T. Fields
"Anomalous Nuclear Enhancements in Hard Collisions at Fermilab Energies"
Quark Matter 1991 International Conference (November 1991)
M. Goodman
"Prospects for Long Baseline Neutrino Oscillation Experiments"
Rutherford Laboratory, UK (August 1991)
"Long Baseline Workshop"
Fermilab (November 1991)
"Long Baseline Neutrino Oscillation Experiments"
U. of Chicago (August 1991)
"Combination of Probabilities in Looking for Cosmic Ray Sources"
Cosmic Ray Conference (August 1991)
J. Hewett
"Probing the Flavor Changing Vertex of the Top-Quark"
Particles and Fields '91 Conference, Vancouver, BC (August 1991)
"Identifying the Origin of the New Gauge Bosons at the SSC"
SSC Laboratory, Dallas, TX (November 1991)
"The Search for Top: A Status Report"
Iowa State University (December 1991)
"Z -> qqy as a Signal for R-Parity Violation"
Workshop on Photon Radiation from Quarks, Annecy, France (December 1991)
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T.Kirk
"The Supercollider in Texas"
Argonne Sigma Xi Society (December 1991)
I. Knowles
"Thoughts on Models with Two Scalar Doublets"
Argonne National Laboratory (October 1991)
"Making Sense of Electroweak Radiative Corrections"
Argonne National Laboratory (December 1991)
R. Meng
"Sea Quark Distributions in QCD"
Southern Methodist University, Dallas, TX (November 1991)
L. Nodulman
"Prospects for Electroweak Measurements at CDF"
DPF Meeting, Vancouver (August 1991)
"Electroweak Measurements at CDF"
Univ. of Maryland (October 1991)
"Electroweak Physics at CDF"
Univ. of New Mexico (November 1991)
T. Rizzo
"Compositeness and New Physics Signatures via qqy Final States at LEP"
Workshop on Photon Radiation from Quarks, Annecy, France (December 1991)
"The Extended Gauge Sector and the NLC - Summary Talk"
"Hunting and Identifying New Gauge Bosons at the NLC"
Workshop on Physics with Linear Colliders, Saariselka, Finland (September 1991)
"Identifying the Origin of New Neutral Gauge Bosons at the SSC and LHC"
Rutherford Laboratory, Oxford, England (September 1991)
"The Hunt for New Gauge Bosons: Present Status and Future Prospects"
15th Johns Hopkins Workshop on Current Problems in High Energy Physics,
Baltimore, MD (August 1991)
P. Schoessow
"Wakefield Measurements - Applications to SLAC NLC Structures"
Coupling Impedance Measurement Techniques Workshop, Argonne National
Laboratory (August 1991)
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S. Vokos
"Instability of Hot Electroweak Theory: Bounds on MtOp and MHlggs"
Fermilab (September 1991)
A. White
"Chiral Symmetry Breaking in Gause Theories from Reggeon Diagram Analysis"
International Workshop on Electroweak Symmetry Breaking, Hiroshima,
Japan (November 1991)
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VIII.

HIGH ENERGY PHYSICS COMMUNITY
ACTIVITIES

E. Bergcr
Member, High Energy Physics Advisory Panel, 1991Member (Past-chairman), Executive Committee, Division of Particles and Fields, American
Physical Society, 1991
Member, Committee on Meetings, American Physical Society 1991Fellowship Committee Chairman, Division of Particles and Fields, American Physical
Society, 1991
International Advisory Committee, 1991 General Meeting of the Division of Particles and
Fields, University of British Columbia, Vancouver, Canada, August 1991
Scientific Advisory Board, Hadron '91, University of Maryland, August (199i)
International Advisory Committee, DPF Meeting, Fermilab, November 1991
Local Organizing Committee, DPF Meeting, Fermilab, November 1991
Scientific Program Committee XXVII Recontre de Moriond, "QCD and High Energy
Hadronic Interactions", Les Arcs, France, March 1992
M. Derrick
Organizer, "Realization of Large Systems" session at the International Conference on
Calorimetry for HEP held in Italy, October 1991
M. Goodman
Chair of the Organizing Committee, "Workshop on Long Baseline Neutrino Oscillations",
Fermilab, November 17-20,1991
J. Hewett
Parallel Session Coordinator, Workshop on Physics and Experiments with Linear
Colliders, Saariselka, Finland, September 1991
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T.Kirk
Elected to Executive Committee of APS Division of Particles & Fields
DOE Consultant for RHIC Construction Project
L. Price
Executive Committee of Users Organization of SSC (Secretary)
SSC Detector R&D Committee
ESNET Steering Committee
SDC Executive Board (Vice Chair)
SDC Computing Working Group (Chair)
SDC Physics Working Group (Chair)
ANL Computer Policy Committee
H. Spinka
LAMPF Board of Directors
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IX. HIGH ENERGY PHYSICS RESEARCH
PERSONNEL
Administration
T. Kiik

P. Moonier

Accelerator Physicists
W. Gai
M. Rosing
S. Mtingwa
P. Schoessow
J. Norem
J. Simpson
Experimental Physicists
Y. Ohashi
D. Ayres
R.Blair
L. Price
J. Proudfoot
M. Derrick
T. Fields
J. Repond
M. Goodman
H. Spinka
D. Grosnick
R. Stanek
R. Hagstrom
K. Sugano
P. Job
R. Talaga
S. Kuhlmann
J. Thron
D. Lopiano
H.-J. Trost
S. Magil!
D. Underwood
E. May
R. Wagner
B. Musgrave
A. B. Wicklund
L. Nodulman
A. Yokosawa
Theoretical Phvsicists
E.Berger
T. Rizzo
G.Bodwin
D. Sinclair
S. Vokos
J. Hewett
S. Y. Kim
A. White
C. Zachos
I. Knowlss
R. Meng
Engineers. Comnuter Scientists and Applied Scientists
E. Chojnacki
N. Hill
J. Dawson
J. Nasiatka
T. Ekenberg
R. Noland
V. Guarino
H. Rhude
D. Hill
J. Schlereth
Technical Support Staff
T. Kasprzyk
1. Ambats
L.Balka
R. Konecny
H.Blair
R. Laird
W. Haberichter
R. Rezmer
D. Jankowski
J Sheppard
Laboratory GraduateParticipants

