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The huge PEP-4 Detector, taking shape at SLAC, will contain the innovative Time Projection Chamber (TPC).
This view shows some of the magnet legs, hadron absorber iron, and muon detectors in place as the year ended.
The PEP beam pipe (arrow) is supported on the dark column near the wall at left. CBB 801-792



INTRODUCTION

This annual report describes the research work
carried out by the Physics. Computer Science and
Mathematics Division during 1979,

The major research effort of the Division
remained High Energy Particle Physics with em-
phasis on preparing for experiments to be carried
out at PEP. Our largest effort in this field. as well as
in the Division as a whole. was fordevelopment and
construction of the Time Projection Chamber. a
powerful new particle detector. This work took a
large fraction of the effort of the physics staft of the
Division together with the equivalent of more thana
hundred staff members in the Engineering De-
partments and shops.

Research in the Computer Science and Mathe-
matics Department of the Division (CSAM) has
been rapidly expanding during the last few years
and [.Bl. now has one of the largest programs in that
field funded by the Engineering Mathematics and
Geosciences Division of the Department of Energy.
Additionally. funds for CSAM come from other
branches of DOE. from the Department of Labor
(DOL). the Army Corps of Engineers. and the
Natonal Aeronautics and Space Administration
There is an especially close tie between DOE and
DOIL. in the Computer Science work. Other funding

in tne Division comes from the National Science
Foundation and the Unnersity of Califorma.

Cross tertilization of ideas and talents result-
ing tfrom the diversity of effort in the Physics.
Computer Science and Mathematies Division con-
tributed 1n many wavs to our outstanding progress
in 1979. The relationship among our programs and
the close association of departments stimulate new
ideas and efforts which playv ag imponant rolein our
work. An example of the foregoing are the
important contributions to the sottware design tor
the Time Projection Cliamber which were made by
the Computer Scrence and Applied Mathematics
Department.

The wital and beneticial relationship which
Lawrence Berkeley Laboratory has with the U ni-
versity of California at Berkeley continues to be a
source of strength for the Laboratory. In addition.
collaborations wi-  other Universities have been
beneficial and fruitful. The Physics groups at 1 BI,
together with Engineering and Technieal faciliuies at
the Laboratory make 1t possible for outside groups
to join together with us on the large projecty
necessary for todav’s advanced research at the
frontier of parucie physies.
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.  EXPERIMENTAL PHYSICS
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Evidence for the production of the \c. The combined pK = and p K'= mass distribution for recoil masses
greater than 2.2 GeV/c?, Fig. (a), shows a peak at a mass of 2.286 GeV, while in Fig. (b) the pK'= and pK = (and
charge conjugate states) mass distribution for recoil masses greater than 2.2 GeV/c?shows no peak in the back-
ground.



. EXPERIMENTAL PHYSICS

HIGH ENERGY PHYSICS

Research on e' e Annihilation at SPEAR

The Mark II Magnetic Detector

In collaboration with the Richter and Perl
Groups at the Stanford Linear Accelerator Center
(SLAC), the Mark Il magnetic dctector was
operated at SPEAR until the middle of June 1979.
Starting in late June 1979. the detector was
dismantled, moved. reassembled. tested and appro-
priately modified for operation ai PEP. We indicate
recent results from the analysis of the SPEAR
running at various center-of-mass energies:

(1) 3.095 GeV (mass of the ¢r). Results from this
work included the study of decays of the form

¢ — y + all final states,
¢ — y + specific hinal states.

These radiative decays represent several percent of
the totality of ¢ decays and give rise to resonances
some of which are well-known and others which can
be particularly well studied in this manner.

(2) 3.685 GeV (mass of the ). Analysis of these
data have already disproved previous indications of
a x state at 3455 MeV. and demonstrated the
existence of the rare, isospin-violating decay mode

o — 7 ¢

(3) 3.77 GeV (mass of the ¢”). A large number
of results on branching ratios for various decay
modes of the Cabibbo-forbidden modes D’ —~ KK,
7 -.as well as good evidence for different leptonic
branching ratios for D° and D' mesons. This latter

observation suggests a much shorter lifetime for the
D° than for the D".

(4) Energy scan from 3.8 to 6 GeV. plus
extended running at 5.2 GeV. Clear evidence for the
production of the lowest-lying charmed barvon A",
and its decay to pK'#" was obtained. A precise
determination of the mass of this particle was
obtained, as well as an estimate of its branching
ratio to the above final state. The study of inclusive
proton and lambda production as a function of
energy confirmed unambiguously the Mark | data
indicating the presence of a cross-section step near
the charmed baryon thresheld.

(5) All energies. Branching ratios for = decay
modes 7 - v, pr. KvK* have been measured and
agree well with predictions from the standard theory
based on the identification of the + as a sequential
lepton. confirming our present understanding of the
weak interaction.

Analysis of these and many other topics is
continuing.

Mark 1l Detector Staff
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The Lead Glass Wall Experiment

In this experiment. a wall of lead-glass counters
was used to detect and idennfy clectrons and
photons with high precision. in order to study
anomalous clectron production and production of
photons and #°'s in ¢’¢ annihilations at SPEAR.
The wall was installed in one octant of the Mark |
magnetic detector so that information on charged
particles was simultaneously recorded. The primary
aim of the experiment was to search for events
which may arise from the production and decay of
charmed particles and heavy leptons. The experi-
ment is a collaboration with SLAC Group E.
Stanford University, Northwestern University and
the University of Hawaii.

Studies of inclusive production of D and K
mesons have been completed during this fiscal vear.
Studies of y and #° production in ¢’e” collisions
have been carried out.

In studies of inclusive v and #° production in
Y(3100) decay. an excess of high encrgy y produc-
tion over that expected from 7° decays was
discovered. Hadronic decays of the y{(3100) are
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described i guantum chromody namies (QC D) as
resulting pomanids trom the anmihifation ot a
charmed quark and anti-charmed quark into three
gluons, which then fragment into hadrons QCD
also predicts anmihilation into a5 and two gluons,
with gluon tragmentation into hadrons, to occur at
a siemticant rate tabout 6 to 127 of the three gluon
'
which we observed could be explained by this QCD
decay of the d3100) into-a v and 2 gluons

rate) Browas found that the exeess of nghenerpy 37
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S W
The frame for the PEP-4 detector, as assembled on-site at SLAC; the pholo wastakenin September 1979.  CBB 799-11468
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Research and Development for
e’e Annihilation Experiments at PEP

Time Projection Chz2inber (TPC) PEP-4

A~ deseribed inthis Reporttor 1978 the TPC s
a radicalhy new concept for particle identihication
and measurement. Ity construction requires the
depleyvment of physicistse engineers and  highly-
skilled technicians: 1t also requires an extensive
computer facility. LBL s plaving a major role inits
construcuon and operation as well as in the analy s
of data trom this facihiy. The PEP-4 TPC tacility
will have the capabiliies to detect and study. 1n
detail. many of the phenomena expected at PEP and
will provide exceptionally broad sensitivity an the
scarch for new phenomena articipated within the
PEP erergy range. The PEP-4 TPC detector system
includes unique capabilities tor charged particle
pattern recognition, momentum analvsis and mass
identification within highly - muluphcity - jet-hke
events, neutral reconstruction (A, K. 7%, 7%, .. ).
clectromagnete calorimetry and muon identitica-
tion.

This broad rirge of characteristica. which
seems difficult to achieve simultaneously over most
of 4 solid angle by techniques other than those
used by PEP-4 TPC. results in the detector having
an anticipated productive life well bevond the first
round of PEP running.

The major new ingredient of the PEP-4 TPC
facility is the Time Projection Chamber itself which
will provide particle identification over the entire
momentum range for elcctrons. pions. kaons and
protons.

The PEP-4 TPC detector consists of four
major funciional svstems. the ume projection
chomber. a superconducting solenoid magnet {SSM).
an electromagnetic calorimeter and muon detector.
The initial goal after the construction and debug-
ging of the PEP-4facility is to search for evidence of

new processes or the production of new particles at
PI'P The ratic of hadren to muon pair production
will be measured to high precision: the details of
hadronic eventswill be observed in order 1o measure
multiplicities. sphericity and inclusive particle spec-
truz scaling will be tested. and a search tor bumps in
Invariant mass spectra reconstructed from these
tinal state hadrons will be made. It should be
cmphasized that i a new hadronic threshold s
reached at PEP. the PEP-4 TPC facility i1s excep-
tionalhy well instrumented to spot new mass bumps,
cven farabove threshold, because of the high quahity
particle identification available. An attempt to
detect weak mnteraction effects will be made during
this phase. To summarize. the PEP-4 TPC facility
will provide an extremely broad range of detection
capabilities. This approach will maximize the useful
information content per event at acceptable cost
and so greatly enhance the understanding of e’e
annihilations in the PEP energy range.

There has been a conunuing effort during 1979
concerned with hardware development. data ac-
guisiion and processing systems and supercon-
ducting solenoid magnet research development and
construction.

TPC Detector

Maierials Additional testing of materials for
contaminative outgassing was implemented 1o
adjust to modifications of the fabrication processes
for various components of the TPC active volume.
The capability for this testing has continued to be
indispensible in the final engineering and fabri-
cation stages of the project.

Gas System The final design was completed and

most of the fabrication was finished. Initial tests
were in progress. Gas consumption was higher than

5
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carhicr estimates; a gas change may be required
every two davs, A cost-effective recirculating puri-
ner concept was developed. Gas trailers were
located from surplus sources.

High Voliage System The final design was
completed and fabrication was underway. The high
voltage supply was delivered and found defective
Preblems were being remedied locally due to lack of
confidence in the manufacturer. The graded insula-
tion technique developed previously required some
simplification duc to fabrication difficulties and
some schedule shippage occurred. The final in-
sulators were partially completed. with good results.
Prototype tsts were very successful. The field cage
fabrication is well underway and both electiical and
mechanical toleranees and specifications were being
met.

Readour Propornonal Planes  Prototype testing
indicated the need for improvements in artwork
design. preamp cooling system. and various detailed
mechanical aspects. Performance generally met
specifications well. Attention was given io maxi-
mizing reliability and stability. Final production of
16 sectors (12 needed) of the readout planes will be
started soon.

Data Acqyuisition System
and Electronics

All electronics design was complete and in
preproduction or production stage. Performance
specifications in all systems and components (in-
cluding CCD’s) were being met.

The electronics house. containing more than
400 bins of electronics, was fully equipped with
wire-wrapped backplanes and power distribution.
Air circulation systems were being installed. Testing
of various electronic sub-systems was underway
using computer controlled features.

The upper memory of the Large Data Buffer
(LDB) was completed. This consists of the 36 lists of
solid state memory (each up to 65k bvtes) which are
used to store raw data from the TPC before the data
are read out by one of the on-linc computers.

The LDB was extensively tested using the

computer interface (Bus Controller) and the on-line
computers. The computer hardware which was
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installed during 1979 was refined sumew hat during
the testing of the 1.DB and an extensive hibrary of
diagnostic software was developed. A bus controller
multiplexer was added so that two or more
compuitcrs can share data stored in the 1.DB.

The hardware for interrupting the on-line
computers onan event interrupt was built and tested
with software drivers written for this purpose in
cach of the on-line computers. 1he hardware is also
used for transmitting brief messages between the
computers.

The message capability 1s augmented with
DECNET communication for the transfer of large
messages. data files. and program libraries. The
Network has been extended to include other
computer systems at LBL and UCLA which are not
used as on-line computers.

A hardware monitoring syvstem has been
developed uwsing a PDP 11 04 and multplexed
DVM's. The 11 04 is run as a slave to the PDP
11 70 v nich runs the PEP-4 experiment. A pro-
gram has been developed for the 11 04 which
permits periodic checking of hardware parameters
such as voltage. current. temperature. and pressure.
and can report errors. or keep a history of ailing
items. This program can also write selected data to
the data tape to provide a permanent history of
hardware performance.

In order to test the detector electronics during
operation, and to set thresholds and other bias levels
in the system, a Test Pulse Unit Register Control
Unit (TPU 'RCU) was developed. This system was
installed in the electronics system during the vear.
Extensive PDP 11/70 software also was developed
to use this hardware for testing the electronics.

The VAX 11/780 data acquisition program has
been extensively tested using Monte Carlo data as
input. These tests used the 1. DB, the Bus Controller,
and the trigger i.:'errupt. The data taking program
was completed. ready for running in a real data-
taking mode. although continued work will opti-
mize the programs and increasce their execution
speed. The VAX system will be used for continued
software development and hardware testing at PEP.

Development was started on a fast micro-
processor for use with the LDB.
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Cylindrical Calorimeter for PEP-4

A new technigue for electromagnetic calori-
metry has been developed. The resolution of gas
shower counters can be improved by reducing the
fluctuations due to heavily ionizing tracks by
operating the gas gain in the Geiger regime.

Conventional wire proportional planes wili
operate in the Geiger mode with an appropriate gas
mixture. Segmentation along the wires can be
achieved by interrupting the Geiger streamer with a
thin nvlon monofilament, resulting in a plane of
small, discrete cells. A prototype shower counter
has been constructed of 72 lead plates of 0.2
radiation length thickness interspersed with Geiger
cell detector planes. The shower counter was tested
with electrons at SLAC and showed excellent
energy resolution in the desired range. The designiis
complete and potential fabricators of the lead-
fiberglass laminate have been found. Small samples
of the laminate have been successfully produced.
Data from the successful beam test last vear of a
small module have beenanalyzed. The Monte Carlo
shower program has been extended to model
shower developrnent at large angles of incidence.
Electronics and trigger requirements have becn
established. All electronics components will be
ordered by spring 1980. Fabrication of full size
modules will begin during spring and summer 1950.

Superconducting Solenoid Magnet Coil

The PEP-4 magnet coil has been constructed.
Peripheral cryogenic equipment has been buiit and
tested satisfactorily. Electronic equipment neces-
sary for quench protection and for monitoring has
been built and partially tested. The entire system
will be tested firstat LBL then at SLAC in the spring
and summer of 1980.

The construction of the compensating sole-
noids for the PEP-4 and PEP-9 experiments will
begin soon. A shoit sample test of the wire is being
performed.

Structural Assembly at IR2

All of the steel is available onsite and erection
has proceeded through the step of welding the
magnet voke. Tolerances achieved and rate of
progress have been excellent.

Miscellaneous

The TPC 1est vessel has been utilized as
planned in several manufacturing stages for other
components. such as the feedthrough rings and
inner pressure containment system. The interface
and coordination with the PEP-9 collaboration has
been proceeding without difficulty. The other
detector systems that are the responsibility of the
other university collaborators. i.e.. poletip calori-
meters. inner and outer drift chambers. and muon
chambers are either complete or in the final states of
fabrication.

Time Projection Chamber Staff

1A Alston-Garnjost R D Majka
A Barbaro-Galter: P S Martn
A Barnes J N Marx
A Bross P Nemethy
W C Carithers D R Nygren
O C Chamberlain P J Oddone
A R Clark M Pripstein
O 1 Danl P Robrish
C T Day M T Ronan
P H Eberhard R R Ross
D L Fancher G Shapiro
R W Kenney M L Stevenson
L T Kerth W A Wenzel
S C Loken R Kotter
G R Lynch J Maliet
R J Madaras H Videau
Graduate Student
Research Assistants
N Hadley F Rouse
W Moses M Shapiro
PUBLICATIONS

Performance of a Time- Projection Chamber, D. Fancher. H. J.
Hilke. S. Loken. P. S. Martin. J. N. Marx. T R. Nygren.
P. Robrish. G. Shapiro. M. Urban and W. A. Wenzel:
Nucl. Inst. and Mcthods 616 (1979) 383-390.

VAX CDC Conversion Utilities, John Caron; TPC-1.BL-79-2,
January 16, 1979.

Errors Associated with the TPC Weighted Pad Average. Gerry
l.ynch: TPC-LBL-79-3. January 15, 1979.
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List of Materials that have been Tested in the Maierials Test
Chamber 11, N. Hadley, P. Robrish, and G. Praybylski:
IPC-1.BL.-79-4, January 17, 1979.

Improvement of E x B Drifts by Small Changes in B(Central),
M. L. Stevenson; 1PC-1.B1.-79-5, January 22, 1979.

Chrlindrical Calorimeter Progress Report, W. A. Wenzel; TPC-
L.BL-79-6. January 24. 1979,

TPC Magnetic Monitoring Proposal, Mike 1. Green; TPC-
1.B1.-79-7, January 15, 1979.

List of Poisoning Times for Maierials Tested in the Materialy
Test Chamber, F. Brown. N. Hadley. M. Pettersen. (.
Prsybyiski. and P. Robrish; TPC-1.B1.-79-8, October 19,
1979.

DOE Report, 1. Marx: TPC-1.B1.-78-9_ February 21. 1979,

Cvylindrical Calorimeter Progress Report 2/28/79, W. Ca-
rithers. C. Day, D. Fancer, A. Galtieri. K. Johnson, If.
Videau. W. Wenzel, C. Berman, Fo Goosen, ). Guagh,
F. Jansen. and M. Nakamura: TPC-1.B1.-79-10. February
25 1979.

Resistive Strips for Cali:-imeter, W. A, Wengel: TPC-1LBL-
79-11, March 7. 1979

PEP-4 Data Tape Format, M. Alston-Garnjost. W. Koellner,
S. Loken, G. Lynch. and G. Shapiro; TPC-LLBL.-79-12.
March 1979.

Simplified Approach 1u the Mapping of the E x B Effect in the
TPC. ™. L. Stevenson and P. H. Eberhard; TPC-1.BL-
79-14. April 4, 1979.

Use of NMR Probes for Mapping the TPC Field, P. H.
Eberhard and M. L. Stevenson; TPC-LBL-79-15. April 2,
1979.

Signal Readout for Calorimeter Cathode Strips, W. A.
Wenzel, TPC-LBL-79-16. April 2. 1979.

Simple Formulas for Pair Production, Orin Dahl; TPC-LBL-
79-17. April 9. 1979.

Comparisun of Evoke Outpur with Space Point Tape. G.
Shapiro; TPC-LBL-79-18. May 1979.

Report 10 DOE, J. Marx: TPC-LBL-79-19. May 3. 1979.

Summary of Magnetic Calculations, M. Keviany; TPC-LBI .-
79-20, February 22. 1979.

Fluctuations in Energy Loss From lonization, O. Dahl: TPC-
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LBL-79-21. May 14, 1979,

The Peak Field in a Thin Solenvid, ). DeOlivares and P. H.
Eberhard; TPC-1.B1.-79-22. May 15, 1979.

The JFMPU4 VAX Software Package, Jacques F. Mallet:
TPC-LBL-79-23. May 15. 1979.

Studies of Gain Variations and Pad Response in a Small TPC
Prototype Chamber. R. Majka. J. Mallet. P. Nemethy.
and P. Oddune. TPC-LBL-79-24, May 23. 1979.

Peaking Circuit and Calibration for LBI. Calorimeter Test
Module  Geiger Mode, W. A. Wenyel; TPC-LBL-79-25.
June 21, 1979,

Report to DOE, ). Marx; TPC-I.BL-79-26. June 27. 1979.

Flectronic  Calibration of Cylindrical Calorimeter. W. A.
Wenvzel: TPC-LBL-7¢ -27, July 19, 1979,

E v B in TPC Coordinates, M. Coulter and P. Eberhard;
TPC-1.BL-79-28, July |i. 1979.

A Preliminary Conceptual Design of the Downstream End of
the TPC High Voliage Cable, G. Schnurmacher: TPC-
LBL-79-29, July 31. 1979.

TPC NMR Prube and Amplifier Location Identification and
Amplifier Mounting, M. 1. Green and G. Tiedemann;
TPC-LBL-79-30. August 2. 1979.

Test Cylindrical Calorimeter Electronics, W. Wenvel. TPC-
[.BL.-79-31. August 6. 1979

Estimate of the Inductance of the TPC Coil, M. Coulter; TPC-
LBL-79-33, August 7, 1979.

How Many Measurements are Needed to Determine the Ex B
Drifts? R. Hagstrom: TPC-1.Bl -79-34. August 20. 1979.

Correcting E x B Displacement Drifts Due To Unmapped
Inhomogeneities, R. Hagstrom: TPC-LBL-7%-15, August
20, 1979.

Mapping B and Correcting E x B Drifts, R. Hagstrom: TPC-
LBL-79-36. August 20, 1979.

A Realistic lonization Energy Loss Algorithm, R. Hagstrom;
TPC-LBL-79-37. August 20. 1979.

Magnetic Mapping Mechanical Drive Sysiem (Stepping Mo-
tors). B. Moses: TPC-LBIL.-79-38. August 24, 1979.

Specification for the TPC Source Trigger. P. Oddone and
P. Nemethy; TPC-LBL-79-39. August 27. 1979.
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Feasibility of Detection of Charged 4/3 Particles in the TPC.
P. Eberhard. M. Coulter. and J. Marx. TPC-1.BL.-79-40.
August 28, 1979,

Cvlindrical Calorimeter  September. W. Wensel: TPC-1.81 -
79-41. September 5. 1979

Variahles for Characrerizing Jets. G. 1ynch, 1PC-1.BL-79-42.
August 31, 1979

Report to DOE, ). Marx. TPC-1.BL-79-43. September 4. 1979,

Initially Instrumented Pad Row. P. Oddone and P. Nemcthy;
TPC-LBL-79-44. September 14. 1979.

Solid Angle of Cylindrical Calorimeter, W. Wenzel, TPC-1.BI -
79—-45. September 17. 1979,

TPCDAT, M. Garnjost; TPC-LBL-79-46. August 1979.

PTREAD - Ro .tine to Print TPC Data, O. Dahl, TPC-LBI .-
79-47. September 1979,

Results of Sector Preamp Temperature Tests  August 16-23.
1979, . Hadley; TPC-LBL-79-48. September 1979.

TPC Interlock|Alarm System, D. Fancher; TPC-1.B1.-79-49.
September 27. 1979,

Cylindrical Calorimeter Design Revien October 17, 1979,
W. Wenzel and L. Resnick: TPC-1.BL1.-79-50, October 17,
1979.

Thousands of electrical connections
from detector to readout are made
with this precision-machined, vacu-
um-tight feed-through ring.

CBB 795-7001

E-Field Program Philosophy, 1 Bowibv. TPC-1 B1-79-53,
October 24, 1979,

Comparison of the Multuperipheral Model Monte Carlo with
the PETRA Data. A B Galuern: TPC-1 Bl -79-52,
QOctober 17, 1979,

Monte Carlo for PEP-4. 1 Gatueri: TPC-1.BL.-79 54, October
1. 1979,

ICFA Workshop on Future Accelerators  October 4-9, [979
RPM, W. Wensel and D, Nygren: TPC-LBL-79-55.
Novembher |, 1979,

Report 1o EPAC, ). Marx: TPC-1.B1-79-56. November 1.
1979,

TPC Endplane Sector Testing Program. . Robnish: TPC-
LBL-79-57. November 6. 1979,

PEP-4 1; 0 Routines, Werner Koellner: TPC-1.BL-79-5K.
November 1979,

Strip Geomerry and Capacitance for the Cvlindrical Calon-
meter. W. A Wenzel: TPC-LBL-79-59. November 15,
1979.

The Sociology of International Collaborations, 1 Marx; TPC-
L.B1.-79-60. Noxember 28, 1979,

'terim Format of Simulated Raw Data Files, W. Kozliner:
TPC-L.BL.-79-61. November 29, 1979,
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Momiorng of ine PEP-4 Hardware Sensors: ‘Hardware
Monnoring’, A Barnes: TPC-LBIL.-79-62, November 30.
1979

Permussihle Rate of Rise of TPC High Voliage. O. Chambur-
lain, 1PC-1 Bl -79-63. December 12, 1979

Cyvlindrical Calorimerer December 1979, W. Wenzel;
1 PC-1 Bl -79-64, December 14, 1979,

HFPIOT Graphies Outpnar for HBOOK on the 1 AX. G,
VaonDualen, TPC-UCR-79-1. March 7. 1979

Inner Drft Chamber  Sonwdanon Puart |: Elecirostatic
Porennal and Bire Deflections. G NanDalen; TPC-UCR-
"9 2 Murch 15,1979

Trach Fuung Methods for the TPC Detecror, G, VanDalen;
FPC-UCR-TY-3 May 231979

CERN Computer Centre Program Library Long Wrie-
up. G VanDalen, TPC-UCR-79-4, May 30, 1979

The Mark Il Magnetic Detector

Ay indicated earlier. the Mark H detector was
dismantied and reassembled at 1Bl Stanford
Positron Electron Project (PEP) colhiding beam
facitlity. This move was accompanied by consider-
able modifications and improvements to the system.
Those modifications to which the LBL part of the
collaboration made substanual or leading contri-
butions include:

e Upgrading of the liyuid-argon shower counters.
including design and construction of improved
clectronic cages. improved instrumentation. and
improved pre-amplifier electronic design. It is
expected that these changes will substantially
reduce the noise level.

e Design and construction of a sophisticated
vacuum pipe with appropriate masks and shield-

ing for use with the detector.

e Development of a new improved time-of-flight
calibration system.

e Improvement of tracking software for both the

10

Inner it Chamber Simulation Part 11: Drifi Time Distribu-
tion, G. VanDalen: TPC-UCR-79-5, June 29, 1979.

HPLOT. G. VanDalen; TPC-UCR-79-6. July 24, 1979.

HPLOT Advanced Users Guide  TPC Version 2.11, G. Van-
Dalen: TPC-UCR-79-7. August 17. 1979

11:70 Software Effori. M. Zeller; TPC-Yale-79-1. August 20.
1979

On Monte Carlo Sofiware, B. Shen and G. VanDalen; TPC-
LUCR-79-8. October 23. 1979,

Material in the PEP-4 Detector For Software Men. T.
Kamace. TPC-UT-79-1. Novembher 6, 1979,

Mechanical Properties of the Pole Tip Calorimeters, H. K
Ticho: TPC-UCLA-79-1. October 1. 1979.

Suscepubiiy Measurements of Stamnless Steel Samples, H K.
Licho, 1PC-UCLA-79-2_ Apnil 10. 1979,

drift chamber and liquid argon systems to con-
front the patiern recognition problems of hizh
energy multi-jet events.

® Development of new on-line software for diag-
NOSLIC purposes.

It is anticipated that the PEP operation and
data taking should begin later in the spring.
Undoubtedly some of the early running will be

A two-headed maonster, this tractor-trailer riginches its waydowna
SLAC drivev.ay to deliver the 400-ton central section of the Mark Il
detector to Interaction Region 12 on the PEP colliding beam ring.

CBB 790-13165
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In place on the PEP beam line after its move from SPEAR to PEP, the Mark i was being prepared to do physics. In
center foreground are Gerson Goldhaber, LBL, and Bill Davies-White and Bert Richter, SLAC. On the ladders

are Gerry Abrams (left) and Andy Lankford (right), both 1LBL.

devoted to check out of the equipment. Itis difficult
to predict at this time how much real data taking will

Mark |l Detector Staff

€88 799-13452

be possible this fiscal vear. but it i» hoped at least to
make a start.

Graduate Student
Research Assistants

G S Abrams T A OHalloran
A P Biondel C Y Pang

W Chinowsky J B Strant

G Gidal G H Trnling

G Goidhaber M | Videau

J A Kadyk Y Wang

A J Lankford G Zbhao

C A Biocker L J Goiang

M W Coles R E Muhkan

S Cooper M E Neison

W E. Dieterle J F Patnzk

J B Dillon H M Scheliman
M W Eaton E N Vella
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The Search For Free Quarks

A large part of experimental results of present
dav high energy phvsics can be explained with
yuarks being the fundamental building blocks of
clementary particles; as vet no quarks have been
observed. PEP opens up a completely new domain
for the search for charged particles. Thisexperiment
offers a simple detector that would be able to detect

quarks of mass up to the maximum PEP energy of

15 GeV.

The Free Quark Search (PEP-14) depends
upon the distribution of ionization of 16 layers of
scintillator to distinguish particles of charge | 3e
and 2 3e from singly charged particles. Ten lavers of
multiwire proportional chambers (MWPC) are
used for tracking the detected particle originating in
the interaction region. The scintillation counters are
being constructed at Northwestern University and
Stanford University. and the MWPC are being built
at LBL.

Ant’s eye view of the PEP-14 detector, looking up from the floor of Interaction Region 6; heam pipe is at center.
The pipe’s wall thickness here is only 80 mils (0.080 in.). Flanking the pipe are, successively, the thin, inner, front-
end scintillation counters and the proportional chambers. The dE/dx (energy loss) counters are sandwiched

between them but are obscured.

12
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Computer record of track made by

cosmic ray from space, as detected

by PEP-14 array during instrument

checkout period, prior to beam

turn-on. Principal detectors of the

PEP-14 array are identified by labels

applied to this computer-generated -
schematic.

In the past vear all 10 of the MWPC were
fabricated and tested. The chamber readout clec-
tronics were assembled and the svstem check out
was completed. The different components of the
experimental equipment were assembled at SLAC
and interfaced to the VAX 11 780 on-line com-
puter. Cosmic Rav data have been successfully
recorded with both pulse height and time-of-flight
information from the scintillator counters and
position information from the MWPC. Improve-
ments in the Trigger and data analvas are sull
underwayv.

During the latter part of the vear. the overall
mechanical support structures have been fabricated
at LBL. The various components of the experiment
were assembled to the final configuration and
moved to the assigned PEP interaction region.

PEP-14 iy a collaborative etfort with Stanford
Universitv. Northwestern Universny, Universaity of
Hawaii and Frascati.

Free Quark Search Staff
Denyse Chew

Robern E\y
Ronert Ham lior

Paul Madaer
Ting Pun
vVincent Vaillerin

PUBLICATION

The PEP-14 Dara Acquistiion Svsiem. P B Madden. D
Besset. S 1 Freedman. F A Harrs, C P Horne, M
Losts, I Napohtano and V' Vuitlermin. Paper presented
at the 1979 Fall DFCUS U'S Symposium. San Thego.
CA. Dec. 10-13. 1979, LBL-9366.
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PEP Facilities Operations

The Time Projection Chamber — PEP-4

Facility Operations this year has covered the
iminial testing phase of the TPC. Electronics check-
ing and testing. cryvogenics testing. magnet tests and
ticld mupping. programming work. gas svstems,
high voltage sastems and operations work in IR2 at
PEP.

PEP Expernimental
Facilities Coordination

I'he PEP experimental coordination during
FY 1980 has involved the following activities:

I. The development of the PEP experimental
areas, including special modifications need-
ed for the experiments after their assign-
ment to specific areas.

2. The interface of users with the PEP ma-
chine’s environment.

(]

. Coordination of the development of the
support system for PEP experiments, such
as on-line computer. real time links to the
central computers. refrigeration plants for
superconducting magnets. and design of
systems for access and movement of detec-
tors.

4. The evaluation of the impact of PEP
proposals on equipment funds and opera-
ting resources.

5. The coordination of the use of LLBL re-
sources necessary for the PEP experimental
program.

6. The negotiation of agreements with the
proponents on the detailed responsibility of

14

the participating institutions and the dis-
tribution of funds for the approved experi-
ments.

7. The monitoring of the physical development
and of cost and commitments of the detector
projects under development.

8. The long range planning for the utilization
of PEP.

9. The publication of the bi-monthly PEP
bulletin for all PEP users and the publica-
tion of the quarterly PEP News with a
circulation of 1300.

Development of the areas is now about 95¢¢
complete. A total of 20 proposals have been
analyzed and nine of these proposals have been
approved for operation at PEP. These detectors
have been assigned to experimental areas as follows:

Area 12: Ma .« 1l Detector

Area 2: TPC and Two Photon Detectors

&

Area 4: Magnetic Calorimeter

Area 6: High Resolution Spectrometer
and Free Quark Search

Area 8: DELCO Detector. followed by
the Crystal Ball

Area 10: Monopole Search

The coordination group monitors the develop-
ment of all the detectors. including milestones in the
fabrication and associated R&D cost and commit-
ments. and budgetary projections. Detailed reports
are provided to the agency on the development of
the entire experimental program on a quarterly
hasis.

aff

P Nemethy P Oddone



As the year ended, construction of the PEP experimental areas was about 95% complete. Interaction halls can be
seen on the perimeter of the circular service road. CBB 806-7147
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The Single Pass Linear Collider Study

The Single Pass Linear Collider (SPLC) i~ a
colhding beam facility proposed for SLLAC, for the
study of high energy ¢’e collisions (50 GeVoon 50
GeV). Unlike at SPEAR or PEP, particle bunches
collide only once so the fachty is relatively
inexpensive to construct and rescarch may begin (if
the facility 1s approved) as early as 1984, As 4
consequence LBL physicists are interested in the
facility itself and the possibilities for carrving out
research there.

The Single Pass Linear Collider group at 1.BL.
consists of several physicists who meet nearly every
week to discuss work being done toward develop-
ment of the SPL.C at ST.AC. The c¢ffort has thus far
been solely ona voluntary basis, without any formal
connection with the SLAC counterpart, except for
one activity, where a specific charge has been given
jointly to an L.BL. SI.AC two-person task force
(lavout and design of the experimental hall).

Activities at LBL have been based on indi-
vidual interest in various problems associated with
the SPLC., many of which are of natures never
previously encuuntered, at least not in high energy
physics. Specific contributions to date include:

® Development of a fast Monte Carlo program
tfor simulating the detail behavior in bunch-
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bunch collisions of thee’e beams. as afunction
ol various input parameters. such as beam size
or shape. particle density distribution wiihin
bunch. offset in impact parameter. ete.

® / scheme for beam matching which, in an
idealized case. leads to much less “disruption™
{smaller exiting angles) of bunches during
collision without loss in luminosity. Work
continues on the study of the less idealized
cases. closer to what is expected in practice.

® A ncw idea for constructing permanent magnet
quadrupoles from rare-carth cobalt material.
which has the virtue of very high gradients over
the small SPL.C beam pipe (= 50 T m) at the
detector without any appreciable distortion of
the detector field.

® A design study of the experimental hall with
regard Lo flexibility of interchanging two
experiments in the beam area on . relatively
short time scale (= 3 weeks).

Single Pass Linear
Collider Study Group

A Garren
K. Halbach

J Kadyk
R. Sah



Research at FNAL on Muon and Neutrino Reactions

Muon Reactions

Experiments on rare muon induced reactions
have been carrnied out at ENALL Electronie tech-
nigues are used for particle identitication and
measurenmient. A 470 ton spectrometer magnet was
constructed for use 1in this experiment.

During this sear summary tapes were created
tor all the Fermilub BE203 391 data and a broad
range of physies results were reported at conferences
and submitted tor publication. All of the event-
reconstruction software was developed and the
majority of data were analyzed on the LBL CDC
7600 computer.

Results have been obtained for muon scat-
tering 1nto 1. 2. 30 4. and 5-muon final states. as
described in the following paragraphs:

® From single muon final states the inelastic
structure function F2 has been measured over
the range 3-150 GeV-sguared in momentum-
transier-squared and over the range of 0.045-
0.65 in x. with errors as small as 105 for most
of the data. This 1s the first of the current
generation of muon experiments 1o measure a
range large ¢nough to confirm in detail the
pattern of scale-nomnvariance originally ob-
served In muon scattering and recently mea-
surcd in neutrino-scatiering experiments.

® ['rom two muon final states the total cross
section for muoproduction and for photo-
production of charmed quark pairs has been
extracted. The signature of this process is the
appearance in the final state of an extra muon
from the decay of one of the charmed quarks.
While consistent with QCI) estimates. the
observed charm production rates fall well
below vector-dominance expectations and ac-
count for only about | 4 of the observed rise
with energy of the photon-nucieon total cross

section. The measured momentum-transfer
and encrgy-dependence of the muon data
impose constraints on the quark mass and
gluon x-distribution 1in the photon-gluon fu-
ston model.

@ Theanalyas of 3-muon final states arcing trom
psit3H00) production and dimuon decay has
been extensively developed. The data set upon
which it has been exercised contains more than
907; of the world sample of fully-reconstructed
arents of this type. The energy-dependence
published on the basis of a portion of these data
disagreed with an carly photon-gluon fusion
calculation performed at DESY. That calcu-
laion has since been repeated by others
(including this group) and the carhier results
found to be in error; the agreement between
data and QCI) is excellent. The polarization of
produced psi's has been studied using the
dimuon axis as an analvzer. Polarization
transverse to the lepton scattering plane has
been observed at the expected level. However,
polarization along the psi direction exhibits an
unexpected transition from unit helicity to 7zero
helicity as the momentum transfer increases.

® Dorzens of four- and five-muon-final-state can-
didates are under intensive analysis. Of the few
which have eompleted this process. attention
has been focused on a five-muon and a four-
muon cvent in whict several secondaries
possess unusually large transverse momentum.
Tentatively. the four-muon event has been
identified as a candidate for associated bottom
quark decay through a psi intermediate state.

This effort is a collaboration between LBL and
physicists from Fermilab and Princeton.
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Spectrum of 102 678 dimuon masses from the Berkeley-Fermilab-
Princeton trimuon data. The mass continuum, due primarily to electro-
magnetic tridents, is fit in the regions of the solid curve and extra-
polated along the dotted curve. Subtraction of the continuum yields
6693355 (¥tyr') states centered at 3.1 GeV/c’ (lower inset). These data
have provided the primary basis for study of mechanisms for & produc-
tion by virtual photons. Only one event from the T(9.46 GeV/c?) family
is expected in this sample (upper inset), because of its high mass and
the weaker coupling of its charge-1/3 constituents to muons.

XBL 805-966
Muon Reactions Staff
A. R. Clark S. C. Loken
K. J. Johnson M. W. Strovink
L. T. Kert W A Wenzel
Computer Scientist Professional
J. L. Caron G L Schnurmacher
Research Associates
F. R. Goozen T E. Nuzum
R. P. Ashley T.F. Weber
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Graduate Student
Research Assistants

T W Marreemcz P D Meyers
W H St

PUBLICATIONS

Ohservation of 1/ Psit3100) Production by 209-Get Muons, A.
R. Clark. K. J. Johnason. L. T Kerth. S C. l.oken.
I. W Markiewicz. P. D, Meyers, W H. Smith. M.
Strovink, W. A. Sensel. R P Johnson. C Moore,
M. Mugge. R E Shafer. G D Gollin, F. C. Shoe-
maker. and P. Surko. Phys. Rev. Letters 43, 187 (1979),
and 1 BY 9128

First Results from the Berheley- Fermiluh- Princeton M:dni-
muon Spectrometer, M. Strovink. Proceedings of the
Seminar on Probing Hadrons with Leptons, Ence, Tra-
pani. Sicily, March 13-21. 1979, edited by G. Preparata
and J I Aubert (Plenum, New Yark. 1979), and LBI.-
9234

Study of Rare Muon Induced Processer, A, R. Clark.
K J Johnson. . T Kerth, 5. C. Loken. T. W. Mark-
wwiez, PooDD Mevers. W H. Smith, M. Sure ‘nk,
W. A Wenzel. R P, Johnson. C. Moore. M. Mugge.
R F Shafer, G D Golin. F C. Shoemaker and
P. Surko. to be published 1n the Proceedings of the
Furopean Physical Soiety. International Conference on
High Energy Physics. Geneva, Switzerland. June 27-July
4, 1979, and 1.BI.-934K

Muon Scartering into 1-5 Muon Final States, A. R _Clark K. §.
Johnson, L. T. Kerth. 5. C. Loken. T. W. Markiewicz, P.
D. Meyers, W. H. Smith. M. Strovink. W. A. Wenzel. R.
P. Johnson. C. Moore. M. Mugge. R. E. Shafer. G. D.
Golhin. F. C. Shoemaker, and P. Surko, Proce: dings of the
1979 International Svmposium on Lepton and Photon
Interactions at High Energics. Batavia. Hiinois. August
23-29. 1979, edited by T. B. W. Kirk. Fermilab. and L.BL.-
9912.

Muoproduction of Psif3100), T. W. Markiewics. A. R. Clark,
Karl J. Johnson. I.. T. Kerth. S. C. Loken. P. D. Mevers,
W. H. Smith. M. Strovink. W. A. Wenzel. R. P. Johnson,
C Moore, M. Mugge, R. E. Shafer. G. D Gollin. F. C.
Shoemaker. P. Surko. Abstract submitted to the April
1979 Meeting of the Amcrican Physical Society.

Muon-Nucleon Deep Inelastic Scattering. P. D. Mevers,
A.R.Clark, Karl J. Johnson. L. T. Kerth, S. C. Loken. T.
W. Markiewicz. W. H. Smith. M. Strovink. W. A. Wenzel.
R. P. Johnson, C. Moore. M. Mugge. R. E. Shafer. G. D.
Gollin, F. C. Shoemaker. P. Surko. Abstract submutted to
the April 1979 meeting of the American Physical Society.



Neutrino and Anti-Neutrino Reactions

Neutrino and antineutrino studies have been
carried out in the Ne-H filled bubble chamber at
Fermilab.

@ InFNAL experiment E-546 cvidence forvisible
decay lengths of several charmed mesons that
decaved semileptonically was obtained in a
sample of 89 dilepton events. An average life-
ume of 3713x10"" sec was established.

@ The behavior of the hadronic final state of the

89 dilepton events was also studied. Parual
results (on'y of the gy events) have been
obtained. Analysis of the pe events is not yet
complete.

@ In addition, measurement and analysis of an
enriched sample of high-Q° events in this same
expeniment continued. in a search for evidence
of gluon radiation in the hadronic final states as
predicted by quantum chromodvnamics.

.«

On the trail of the D-meson. LBL physicists analyzing film from a high-energy neutrino experiment at Fermilab
reported the observation of short-lived particles and, assuming that these were examples of D-meson decay,
made a rough measurement of the D-meson lifetime. One of these reported events is shown in this photo.

(Fermilab photo)
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® This work is a collaboration with FNAI. and
the University of Washington.

® InFNAL experiment E-172 a search was made
in v and v interactions for confirmation of a
reported narrow resonance at 1.9 GeV c. No
evidence was found for this or any other neutral
heavy lepton up to a mass of 6 GeV c.

® This experiment is a collaboration with the
University of California at Berkelev and the
University of Washington.

® In FNAL experiment E-388 the exposure of the
bubble chamber to a dichromatic anti neutrino
beam of various ¢ncrgies was completed and
the analysis begun. A full-scale Internal Picket
Fence. operating in addition to the External
Muon Identifier, will permit a better analysis of
neutral-current interactions than was possible
before.

® This experiment is a collaboration with the
University of Hawaii. the University of Cali-
fornia at Berkeley, and FNAL.

Staff for These
Neutrino Experiments

G. Lynch M. L Stevenson

J Lys

Neutrino Experiment E-45 — Studies have also
been carried out in the hydrogen filled bubble
chamber at Fermilab.

Inclusive production of non-strange reso-
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nances in high energy vp charged-current inter-
actions has been observed. For example. (21£ 4)%;
of the events contain a p° meson.

This experiment, FNAL E-45. is a collabor-
ation with the University of California at Berkeley.
the University of Michigan, and the University of
Hawaii.

Staff for Neutrino
Experiment E-45

G Lynch J Marnner

M L Sievenson

PUBLICATIONS

Dimuon Production by Neutrinos in the Fermilabh 15-foor
Bubble Chamber, H. C. Ballagh. H. H. Bingham. W. B.
Fretter. T. Lawry. G. R. Lynch. }. Lys, J. P. Marniner.
J. Orthel. M. D. Sokoloft. M. L. Stevenson, G. P. Yost,
B. Chrisman, D. Gee, A. Greene, G. Harigel. F. F. Huson.
T. Murphy. E. Schmidt. W. Smart. E. Treadwell. J.
Wolfson. R. J. Cence. F. A. Harris, M. D. Jones. S. L
Parker, M. W. Peters. V. Z. Peterson. T. H. Burnett, 1.
Fluri. D. Holmgren, H. J. Lubatti. K. Moriyasu. ). Rees.
H. Rudnicka, G. M. Swider. E. Wolin. R. Benada. U.
Camerini. M. Dutty, W, Fry. RU ). Loveless, P MceCabe.
D. D. Reeder. Fermilab-Pub-79 57 (July 1979). submitted
to Phys. Rev.

Obhservation of Short-Lived Particles Produced in High-Energy
Neutrino [nteractions, H. C. Ballagh. H. H. Bingham. W.
B. Fretter. T. Lawry. G. R. Lynch. J. Lys, J. Orthel. M. D.
Sokoloff, M. L. S1tevenson, G. P. Yost. B. Chrisman. D.
Gee, G. Harigel. F. R. Huson. E. Schmidt, W. Smart.
E. Treadwell. J. Wolfson, R. J. Cence. F. A. Harris.
M. D. Jones. S. 1. Parker. M. W, Peters. V. Z. Peterson.
V. J. Stenger, T. H. Burneut. L. Fluri. D. Holmgren, H. J.
Lubatti. K. Morivasu. D. Rees. H. Rudnicka. G. M.
Swider, E. Wolin, R. Benada. U. Camerini. M. Duffy.
W. Fryv. R. J. Loveless. P. McCabe, M. Ngai. D. D.
Reeder. UH-511-351-79. (July 1979).
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Strong Interaction Experiments at FNAL

Elastic Scattering from a
Polanzed Proton Target

Polarization measurements have been made
with 7. 7", and protons on a polarized proton
target. The analvsis of all data has been completed
and is being published. This experiment. FNAL E-
61.isa collaborative effort involving physicists from
Harvard. Yale. Argonne National lLaboratory.
Fermi National Accelerator Laboratory. and LLBL.

O Chamberlain G Shaprro

H Steiner

PUBLICATION

Polarization Parameters and  Angular Distributions in =°p
Elastue  Scattering at 100 Gel .c. and in pp Elastic
Scattering at 100 and 300 Gel'; ¢, ROV Kline, M. F. Law.
and F. M. Pipkin.and L P Auer. [0 Hill. B. Sundler.
D. Underwood. A. Yokosawa. A Jonckheere. P F. M.
Kochier. W. Bruckner. (). Chamberlain. G. Shapiro.
H. Steiner. W. Johnson. J. H. Snyder. and M. E. Zeller.
submitted to Phy. Rev,

Small Angle Scattering of
7", k*. p and p on Protons

The scattering cross section is measured in the
coulomb-nuclear interference region to obtain the
real part of the nuclear scattering and amplitude.
Data taking is concluded and anaivsis of this
experiment is now complete and publication of the
results will soon follow. This is experiment E-69 at
FNAL and is a collaboration with FNAL and Yale.

R Majka J Marx

P Nemethy

Inclusive Production of 7° Mesons
In # p and pp Interactions

The final data on FNAL. experiment, E-350,
(m p — w°X) at 200 GeV are still being reduced at
Cal Tech by students. Rosemary Kennett has
completed her Ph.D. thesis (CALT-68-742) on the
subject “Experimental Tests of Triple Regge Theory™
and two senior level theses have been written as well.
The entire project will be concluded in FY 81,
requiring only funds for computing, partial support
coming from LBL and the remainder from CIT. The
LBL support will be divided equally between the
Kenney-Helmhol7 Group and Group A. All man-
power will be supplied by Cal Tech throughout the
remainder of the work.

O Daht

R Kenney M Garnjost

Search for Massive, Long-Lived.
Fractionally Charged Particles

A search has teen made for massive. long-
lived, weakly interacting particles of fractional
charge that could be produced by 300-GeV protons
striking an aluminum target. The search was most
sensitive to particles with a lifetime of about 100u
seconds. If present. such particles would have come
to rest in the Caltech neutrino detector that was
located halfway down the muon shield and. if they
were massive enough and decayed into at least 5
GeV of visible energy in the calorimeter, they could
have been detected. None were found. The 90C;-
confidence-level upper limit to the invariant cross
section (times branching ratio R). REd'o dp'[cm®
(GeV c)).is4x 1007 (5x 107™) for charge (2 3)e
({1 3e).

M. L Stevenson
PUBLICATION

Search for Massive, Long-lived, Fractionally Charged Parricles
Produced by 300-Ge b’ Prorons, M. 1. Stevensan. Physics
Today. January 1979,
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Research and Development for Experiments at FNAL

Muon Reactions at the Tevatron

Fermilab plans to build a new high intensity
muon beam for use with the Tevatron. A proposal
has been submitted to Fermilab to move the
multimuon spectrometer to this new beam. The
physics objectives of a new muon experiment
includes the following:

a. A measurement of the parity-violating a-

symmetry
o. -0,
BL HR
c.+ 0.
"L “R

which is due to weak-electromagnetic interference
and vields a linear combination of Z°-quark and Z°-
lepton structure functions. This experiment utilizes
the important feature that we can control the
helicity of the new muon beam. It is possible to
achieve precision similar to the polarized electron
experiment at SLAC and to extend the measure-
ments over an extended range of Q° and Y= v, E.

b. A measurement of the asymmetry

g+ — 0O -
M “R
g+ + O
KL HR

which results from two contributions. The first
(independent of muon helicity) is due to two-photon
processes and the second is due to weak-electro-
magnetic interference and yields a linear combina-
tion of Z° coupling constants different from the P-
violating asymmetry. These effects can be separated
by their differing dependence on Q* and Y.

¢. A measurement of the nuclear structure
functions in deep inelastic muon scattering (uN —
uX). The proposed experiment will extend the
measurement of W, to momentum transfers of 1000
(GeV/c)’. In addition, by making measurements

22

over a wide range of incident energies it will be
possible to determine the value of the function
R =0, oy.overabroad rangein Q:and X=2M Q.

d. A measurement of dimuon final states
N — puX

New data at higher energy will permit study of heavy
quark prouuction at large momentum transfer. The
data will be used for detailed comparison with
theoretical models.

e. A high sensitivity search for a neutral heavy
lepton.

uN — M°X
T
The cross section for this process increases linearly
with incident energy so that a new experiment can
improve the sensitivity of this search. In addition. by
varying the helicity of the incident muon beam (as in

a.), the spin structure of the M® coupling can be
studied.

f. A measurement of high mass vector meson
production by virtual photons

uN = pp X = pp'p’X
or
uN = py X —pp'uX

Diffractive ¢ production is now being studied using
data taken with 225 GeV incident muons. A sample
of data ar higher energy will provide higher
statistical precision, and will permit study of
increased range of photon energy and momentum
transfer. In addition. it will be possible to study the
nondiffractive component of the production proc-
ess. The cross section for production is expected to
be low even at 600 GeV. The proposed experiment
using the high luminosity target of the multimuon



Experimental Physics
High Energy

spectrometer will, however. permit a measurement
of the cross section and determination of the Q
dependence.

g. A study of final states of more than 3 muons.
The data taken at 225 GeV show clear evidence for
the existence of exotic final states with 4 and 5
muons in the final state. Running at higher energy
should significantly increase the number of exotic
events and should permit a study of the production
mechanism for these final states.

Staff for Study of Muon
Reactions at the Tevatron

R P Ashiey S C Loken
J. L Caron T E Nuzum
A R. Clark G L Schnurmacher
F R Goozen T F Weber
K. J Johnson W A Wenzel
L. T Kerth
Graduate Student
Research Assistants

T W. Markiewicz P D Meyers

W H. smith

Experiments Using Polarized
Proton and Anti-proton Beams

Lambda and anti-lambda production at Fermi-
lab energies is so abundant that enriched anti-
proton, polarized proton, and polarized antiproton
beams with reasonable intensity can be constructed

for the use of counter physics. Construction of such
a facility is proposed for a study of the substructure
of hadrons through the spin effects at high energy.
The group expecls to measure total cross-section
differences and high x¢ low-ps inclusive pion
production using a polarized beam and a polarized
target. Fermilab has approved construction of a
polarized beam facility as proposed by the group.
Design of the polarized beam facility is being
finalized by consultation between members of our
collaboration and Fermilab personnel. This will be
a collaborative effort involving physicists from
Argonne National Laboratory; LAPP, Annecy.
France: Rice University; INFN. Sezione di Trieste.
Italy; and LBL.

Q. Chamberlain G Shapiro

H Steiner

pp Interactions at the Fermilab Collider

Preliminary feasibility studies have begun for
the design of a detector to study pp interactions at
the proposed Fermilab collider. Proton-antiproton
collisions at s = (.ZTCV): and luminosities exceeding
10" cm™* sec”' might be available by 1984. Current
theoretical notions expect a cornucopia of new
phenomena in this regime including weak inter-
mediate boson (Z°. W). possible Higgs mesons. and
high transverse momentum QCD effects.

Wilkam Carithers
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Strong Interaction Experiments at BNL

Elastic Scattering and X~
Production in K p Interactions at 180°

The measurement of the differential cross
section for the elastic scattering K p— K pand X'’
at 180°. covering the momentum range 476—1084
McV c. has been made. This backward region has
been investigated previously only in a cursory
manner by experiments of low statistical precision.
The importance of the backward direction (180°) in
this reaction can be seen from a partial wave
expansion. The backward spin flip amplitude is
zero. and the predominant absorptive nature of the
interaction yields amplitudes that are dominated by
their imaginary parts. It follows that waves of
opposite parity cancel, leaving a small background
above which a resonant amplitude can be seen more
easily than at other angles. The K'p data show a
bump near 815 MeV ¢ which has not heen observed
previously. A new partial wave analysis (PWA) has
been performed including our latest data. This
PWA shows the probable existence of a DI3
resonance of mass 1708 MeV. This may be one of the
resonances reported by Carroll et al.. PRL 37. 806
(1976). However, other structures observed by
Carroll et al. cannot be reconciled with our new
PWA. This is a collaboration with BNL and Mt.
Holyoke College.

Staff

M. Garnjost
R. W Kenney

T P Pun
R D Tripp

Graduate Student
Research Assistant

R. P. Hamilton
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PUBLICATION

Backward K p Elastic Scattering and Forward ¥ o Produc-
tion, M. Alston-Garnjost. R. Hamilton. R. Kenney. D.
Pollard. R. Trnpp. H. Niwcholson, and D. larzarus.
(L.BL-9083). Physical Review in press.

pp Elastic Scattering at 180°

pp elastic scattering at 180° below 1000 MeV ¢
has been measured. This experiment is a search for
barvonium states, and it was conducted at a
scattering angle of 180 for the samc reason given
above in connection with the K'p investigation.
Data obtained show no evidence for the narrow S
meson at 1936 MeV. nor a resonance at 2020 MeV
reported previously.

Staff
M. Garnjost T P Pun
R. W. Kenney R.D Tripp
Graduate Student
Research Assistant
R. P. Hamilton
PUBLICATION

Measurement of pp Backward Elastic Scattering Cross-section
from 406 10 922 Mel’/c., M. Alston-Garnjost. R. Hamil-
ton, R. Kenney. D. Pollard. R. Tripp. H. Nicholson. and
D. Lazarus. (1.LBL-9466). Phys. Rev. Letts. 43,1901 ¢1979).

Search for Barvon Resonances

Measurements of the total cross section for pp
and pd, and the pp charge exchange total cross
section have been made. Barvon resonances con-
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tinue to be a subject of greatinterest. so this vear the
previous (1976) search for the S meson and the
=20207 resonance was cxtended. Both the total cross
section and charge exchange experiments showed
no cvidence for these structures. There s some
evidence of a broad and gentle enhancement in the
pp data centered at 1939 MeV. However. no
structure has been observed 1n the pd reaction.

Staff

TP Pun
R D Trpo

14 Garnjost
R W Kenney

Graduate Student
Research Assistant

R P Hamun

PUBLICATIONS

VMeasurement of the pp Change Fxchange Cross-secnon from
0,119 1 Lod6 Gel o R P Hamiltan. T P Pun. R 1),
Inpp. H Nichobono and 1Y M Lazarus, submatted to
Phys Rev Tetts

In Search of the § Meson, ROP Hamulton, T P Pun. R D
Tnpp. DM Lazarus, and 0 Nacholvon, submitted to
Phys, Rov |etts

Barrelet Moment Analysis of 7N Scattering

A N partial wave analysis has been performed
using the Barrelet formula for the amplitude
together with data zeros from Barrelet-moment
analysis of the data (performed in 1978). The results
for A parameters are rather nteresting: all A

resonances are lound with a4 width of the order of

100 MeV. Also there are hints of resonance
degeneracy between S31 and P31 resonances (1.B1 -
5306. August 1979).

The Barrelet Amplitude formula has been
verified by checking it against a widely accepted
standard analvsis (“Cutkoskyv767). This cheek also

illuminates the reasons that standard partial wane
analvses tail to find narrow resonance widths,

D Creus

PUBLICATIONS

Rarrefer Moment Anahosis of =V Scatterine

Vew L Barvon Parameters [rom a Barrelet Analvss op Elasvi
' Datd Berween s and 23 Geb D Chew L BE-5306,
August 2301979
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This apparatus can analyze droplets of matter for stable fractional charges down ta 0.02 e in quantities of about
one gram. More conventionaf droplet-analyzing apparatuses are limited to measuring a few milligrams. Dia-
gram shows charged mercury droplets deflected by an electrostatic field. XBL 802-329
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Search for Stable Fractional Charges on Matter

Work onadevice toscarch tor stable tractional
charges. it they exsto s underway The apparatus
works by means of producing a highly stable hquid
droplet stream. passing this stream between elec-
trodes producing a static electrie ficld and then
measuring the resuiting detlections. This particular
technique appears to be guite superion in perfor-
mance to all presently existing technmiques; theentae
amount ot matter searched to date by all carlier
imvestigators amounts to g tew mulligrams Straight-
forward improvements to the present apparatus
which should allow sensitvities approaching one
tructional charge per kilogram are bemg developed

The apparatus consists of a reservonr ol
mercury which isacted upon by the pressure of some
imert gas. This pressure causes the hquid to he
eapelled trom a uny orifice at the bottom of the
reservoir. This produces a stream of hquid which
emerges in a roughly cvlindrical jet. Such a jet
breaks up spontancously into droplets of roughhy
equal sizes. This breakup into droplets is standar-
dized in our apparatus by imposing a sinusoidally
varving acoustic perturbation within the reservoir.
This technigue produces streams of droplets which
can have mass uniformity at the level of 0.01¢¢ and
velocity regularity at the level of 0.0001¢. The
charges on these droplets may be placed to near
zero. thermal variations amounting to 2! out 20e.
The droplet stream passes between deflecting
electrodes so that. by measuring the spanial deflec-
tion of any droplet we may estimate its charge. [he
design goals are to process 10° g sec with one
accidental fractional charge candidate per 10 gm at
a charge resolution of 0.02¢.

The physics design of the apparatus was
completed in April 1979, The apparatus is now
complete. All work. with the exception of welding
and occastonal glasswork, was done by phyvsicists.

Festing and calibration are now i progress A\
subsystem which s still needed s an automatic data
storage system to gllow handhing of large quantities
ot data A1 present, the data hundhing capacity ot the
apparatus honts the scarchable quantiny of mater
to the deselotabout 10 gm Testimp and cabibration
of the apparatus 15 ahead of schedule. and there s
cvery reason o behieve that o demonstration of
actual resolution ol separate mteger charpes will he
soon achieved

Farlicr scarches tor tractional charges hase
heen of thiee separate classes aceeleratorn scarches,
cosmic ray searches, and stuble matier scarches The
stable matter scarches may be turther subdivided
mto twa o classes  enriched scurches and non-
curiched searches The cosmie rav scarches mmiph
that there s Iintle interestm scarching for fractionat
charges ongginating from cosmic ravs unless one
may search quantities of mattermexcess ot 0.0 gm.
The ennched stable matter scarches indicate o
threshold of 010 gm. tor observing fractional
charges. It should be noted that the direct. non-
enriched scarches amount to only a tew milhgrams,
so that these eftorts do not even equal the level ot
sensitivity which would he conadered to beinterest-
ing in comparison to the cosnie ray and enriched
matter searche. The aceelerator scarches for Trac-
tional charges search a realm ot paramceters as yvet
guite separate from the other scarch methods,

Ra, Haastrrom

PUBLICATION

4 Sensinive Method tor Detecnng Stable Fracnonal Charges on
Varrer, Grep Hirsch, Ray Hagstrom, Charles Hendrichs,
I Bl -9350, (1979)
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Particle Data Center

I'he Partide Data Center compiles high energy
phssics datas and mahes avarlable 1o the physics
cornrramity o casthy usable torm. The Review ot
Particle Properties and  other pubheations are
distnibuted to the commumity penodically. and
camputer scarchable dutabases are also baing made
publicly uvailuble Most members of the group are
also actnve e orescarch progects at EBE and
chvewhere (sie secthion e below)

Gir) Magor revisions were made 1o exishing
sections of the "Review ot Particle Properties” and
additional new scetions were added. The changes
mcluded o new section on Quarks and Weak
Interactions and revisions to the Relatvistie Ki-
nematics and ST (3) seenons. The Data Card
Fmtings wore updated o anticipation of publishing
meocarly 19800 The hstings ol particle properties
contmue to grow at a rate of 10 per cent perannum.

{b) During 1979 the updating of our document
and proposal databases continued. Qutside colla-
borators in Japan and the USSR were added to our
list of encoders for the document database. Various
software svstems to streamline this encoding were
developed. In conjunction with SLAC, we amal-
gamated two databases running on the SLAC
SPIRES system into one: these were the SLAC
Preprints in Particles and Fields database and the
DESY High Energy Physics database. The proposal
database was updated. increasing the number of
laboratories covered. in anticipation of publishing
the third edition of LBL-91. Compilation of Current
H:gi Energy Physics Experimenis, in carlv 1980,

- Ouiside collaborators at Cai Tech. Pur-

s: 0 o e Glasgow University, and Ruther-
<1 T.z= oz oooconunued 1o input information
Torzmasv tor experimental reaction data.

. tiir Particle Physies Fneoding
antai e ot s Zuvcloped for this purpose. This

databise v publicly accessible on the Ruthertord
Computer system. and is widely used by British
physicists.

{(d) The second generation of the Berkeley
Databaswe Management System has continued to be
used to maintain our various databases. and allow
for complex queries to be carried out on these data-
bases. BDDMS was made to run on a VAXI1 780,
and version 2.2 was nstalled on the Ruthertord
I1BM 360 195, A few outside users were allowed to
mterrogate our document database for their own
special needs.

(¢} Most members of the group are active in
research projects. both with other LBL and with
outside collaborators. Kelly 1s active in the CMU-
LBL. Partal-Wave Analysis Collaboration. which
has developed approaches for combining statistical
techniques and analyticity theory in the amalgama-
tion and partial-wave analysis of pion-nucleon
scattering data. Final results befow 2 GeV ¢ were
published in 1979. Plans for [979-80 are to extend
the analysis up to 3 GeV c. Thisanalysis representsa
major advance in our guantitative knowledge of
non-strange baryon resonances.

Yost holds a joint appointmcnt with the
Bingham Group. which is participating in photon
and (anti)neutrino beam bubble chamber experi-
ments at SLAC and FNAL. Progress was made on
the project to improve reconstruction of electron
and positron tracks in the presence ol substantial
bremsstrahlung. A new program to determine
optical constants tfor the FNAL [15-foot chamber
wis written.

s

Yost also worked on the design and testing of a
high-resolution camera svstem for the SLLAC 40
inch bubble chamber. This camera will allow
charmed particle tracks. normally too short to be
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seen in a bubble chamber. to be photographed and
therefore analyzed in detail. This experiment hopes
to see an order of magnitude more identified
charmed particle decays than the sum of all
emulsion experiments. (only LEBC at CERN will be
competitive, and the SLAC experiment has several
practical advantages). with consequent great im-
provement in the determination of charmed particle
lifetimes and decay modes and identification of new
tvpes of charmed particles. Trippe participated in
the Lead-Glass Wall Experiment at SPEAR to
study neutral particle production and anomalous
electron production in e’e annihilation. Trippe was
imvolved in the analvsis of inclusive production in
(3100) decay.

l.osty and Horne were involved in the PEP-14
Quark Scarch Experiment. making contributions to
the software packages. Losty was previously a
member of the Amsterdam-CERN-Oxford Col-
laboration studying K p interactions at 4.2 GeV ¢
in a high-statistics bubble chamber experiment. The
experiment has vielded a large variety of interesting
topics for physics analysis. Among these. and of
particular relevance to Review of Particle Prop-
erties are several studies of strange barvon and non-
strange meson systems produced by hypercharge
exchange.

LBL-92_anindex toand listing of our reaction-
data database. will be published. The group will
continue to refine and upgrade the systems for
maintaining and accessing its various databases.
and will also work to keep thesc databases up to
date. The Review of Particle Properties will be
issued. as will a new edition of LBL-9I. As the
Particle Physics Data System and the underlying
Berkeley Database Management System programs
become more sophisticated. access to the stored
data by interested users should become simpler and
easier. It is planned to make the data available to the
physics community via interactive access, and or

tape distributions. Pion-nucleon data amalgama-
tion and partial-wave analysis will continue. in-
creasing the energy range and including new data as
1t becomes available.

Particle Cata Group

C G Wonhi
Kelly. G P Yost

F E Armsirong
M S Hutchinson
P A Murphy

PUBLICATIONS

The Reactions K p — Pseudoscalar Meson (1320 ar 4.2 Geld «.
So LMo Barlag, Mo L Lostve et all Amsterdam-CERN-
Nipmegen-Oxford Collaboration. Nucl. Phys B149. 220
(1979).

Pion-Nucleon Partial Wave Amplitudes. R. T Cuthoshy P
Forssth. RO E Hendrnick, R T. Kellv, Phas, Rev, D200
2839 (1979).

Pion-Nucleon Partial Wave Anahivs, ROFCuthosky . ROE
Hendrick. J. W Alcock. Y. AL Chao. R G Lipes. 3 C
Sandusky. R L. Kelly. Phys. Rev. D200 2804 (1979).

Many Pion Production in = d Reactionsar 13-Gel” ¢. V. Hago-
pian. D. Gluch. S. Hagopian. C. P. Horne. M. Jenkins 1.
E. Lannuti, P. K. Williams. B. Wind. H. O. Cohn, W M
Bugg. G. T. Condo. T. Handler. E. 1.. Hart. Phy«. Rev.
D20. 2113 (1979).

Amalgamarion of Meson-Nucleon Scattering Duara. R |
Kellv, R E. Cutkosky. Phys, Rev. 12200 2782 (1979

Rescattering in the Nucleus for = d Interactions ar 15-Gel c.
F. C. Porter. H. H. Binghami. W. B. Fretter. W, R Graves,
G. P Yost. o AL Dunn. Ho I Pubatn, Ko Mornasu,
UCPPG 78 8 1 {November 1975)
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Instrument Development and Engineering for High Energy Physics

Development Research

Development wark was done onvarious forms
of gas-filled multi-electrode detectors. A program to
studs switching properties of thin films as possible
multi-clectrode particle detectors was imtiated and
some measurements on V.0« lavers were made.
Measurements were done on the followtng configu-
rations of gas-filled detectors with the aims as given
helow.

a. A prototype three grid wire chamber for
detecting high multiphcity events was built. Elimi-
nation of the x.v ambiguity from or hogonal
direction readout was accomplished by maintaining
secondary glow discharges between two of the grids
at locations where a primary spark occurred due to
the passage of charged particles. Unambiguous .y
pairing ot the coordinates 15 obtained by se-
quentially pulsing the s linee and recording the
signals on the corresponding v lines attached to the
memory-glow pair of grids.

b. Low pressure parallel plate (grid wires)
avalanche chambers for fast timing are being
developed. Various schemes have been investigated
to increase the signal-to-noise ratio so that mini-
mum ionizing particles can be detected with good
time resolution (<300 upsec). These schemes include
the use of muluple grids inter-connected to have

transmission line characteristics. and the use of

avalanche gain on small diameter anode wires with
analogue clectronics to correct for time differences
in the rise time of the anode signal. due to the
different trajectories of the incoming particles
relative to the closest anode wire.

¢. Aninvestigauon has been started on the use
of the U.V. light produced in very pure argon or
kryvpton. when charged particles produce secondary
electrons 1n high ficld regions between parallel wire
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grids. This U.V. light can be used to transfer the
signal information from one region of the detector
through an optically transparent barrier to another
region of the chamber which nray contain a different
gas mixture and at a different gas pressure. Thiscan
be used in various applications; the main interests
here are in (1) use of the U.V. light 1o initiat: glow
discharges for multi-track chambers instead of
sparks. and (2) as a means of eliminating the positive
space charge effects which would be created in TPC-
like devices. In this scheme. signal position infor-
mation in the main tank is carried by the localized
L.V, light across the optically transparent barrier to
a shallow MWPC. This is filled with argon and a
small admixture of an organic vapor and will signal
the position of the particles by the conventional
avalanche ionization methods since the argon gas
vapor mixture has an ionization potential below the
U.V. light.

d. Some measurements have been made to-
gether with R. Hagstrom on the properties of V20s
lavers to investigate switching properties triggered
by the ionization produced by the passage of
charged particles through the layers. Since these
layers switch from one current-conducting statetoa
different current state they can also be used as
memory devices.

e. Gas-filled detectors developed in this pro-
gram have also found biomedical and biophysical
applications. Lead glass converters {or high effi-
ciency detection of gamma rayvs in the encrgy range
200 keV - 20 MeV have been made with high density
(r = 6.3 gms cc) out of fused Icad glass tubing. The
fused lead glass matrices are made surface-conduc-
ting by high temperature reduction in a hydrogen
furnace. Interaction electrons produced by incident
gamma rays are drifted out of the glass matrix and
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Oscilloscope trace showing current flowing in a glow discharge ignited by a charged particle in a prototype

glow memory chamber.

into the wire plane region of a MWPC. thus
providing position resolution. Applications of these
to medical position imaging cameras. and to
position imaging of electron distributions within
crystals, are proposed. Work was also continued on
computer methods to solve for the electron density
distribution within three-dimensional objects by
imaging with annihilation gammas from positron
capture or by single gamma-emitting radioisotope
distributions within the object. These computer
methods are applicable to MWPC detectors cover-
ing finite angles or in completely different fields
such as electron microscopy.

Staff

V. Perez-Mendez B Macdonald

P. Wiedenbeck
Graduate Student
Research Assistants

B Sleaford G K Lum

K C Tam

PUBLICATIONS

3-D Object Reconstruction in Emission and Transnussion
Tomography with Limited Angular Input. K. C. Tam, V.

XBB 808-9662

Perez-Mendes and A B, Muacdonald. T BL-8S39. 11 L}
Trans. Nuc. Sci. NS-26 (1979, 2797,

Advances in Diagnostic {nstrumentation, N Peres-Mendes.

[.BL.-9892. to bhe pubbshed in Proc. ol Advances 1n
Radiation Dosimetry School. Fric Sials. Sept. 1979
(Plenum Press).

Detectors for Radiation Dosimerry. V. Peres-Mendes, | BI -
9651, to he published in Proc. of Advances in Radiation
Dosimetry School. Frici. Swaily. Sept. 1979 (Plenum
Press).

Lead Oxide Glass Tubing Converters for Ganuna Detection in
MWPC, G. K. Lum. M. 1. Green. V. Peres-Mendeziand K
C. Tam. L.BL.-9966. IEEF Trans. Nuc. Sci. NS-27_ (198

Limited Angle 3-0) Reconstructions from Continuous and
Pinhole Projectiom, K C Tam. V. Peres-Mendeszand A
B. Macdonald. 1 B1-9965. ITFEE Trans, Nitm Ser NS-27
1980y,

Apphcations of MWPC in Medicne, Biology and Space
Pbysies. V. Peres-Mendes, LRI -10521 presented at Ware
Chamber Conterence. Vienna, Austria. bFeh 27-29. 1980

Limited Angle 3-1 Reconstructions Using Fourter Transform
lterations and Radon Transform lterations, K. C Tam
and V. Peres-Mendes, LRI-HO207 (Feh 198010 To be
published 1n S P.LE. proceedings.
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Engineering. Evaluation and
Support Operations

The development engineering of instruments
and instrumentation systems which have specific as
well as broad and general upplications is a continu-
ing task. Other tasks include the rescarch and
development of particle detectors and the evalua-
tion of commercially available devices. Operating
manuals are supplied. and maintenance and support
of instruments in the Counting Pool. as well as in
previously designed systems used in HEP experi-
ments, are provided. Inaddition. inventory records
of all equipment are maintained. new equipment is
procured. and consulting service on all aspeets of
instruments and detectors used in research pro-
grams is provided.

large Scale Digitizer Svstem The Large Scale
Digitizer (1.SD) System. an cconomical modular
syvstem for simultancous digitization of analog duta
from hundreds of signal channels 1s a continuing
activity, Improvements to the LSD include the use
of a non-lincar clock to extend the energy range ol
the 1.SD by more than a factor of four with no loss
in resolution at the lower encrgy range. This
improvement has been successfully implemented for
the PEP-14 (Free Quark Scarch) experimeit.
Techniques used in the [LSD have suecessfully been
transferred to PEP-4 (Time Projection Chamber)
instrumentation to keep costs of digitization to a
nminimum. Non-lincar clock techniques have also
been transferred to PEP-4 to extend energy and
time ranges for smaller and lower cost data ways
and space-limited printed circuit cards.

Multiwire Proportional Chambers A number of
multiwire proportion chamber (MWPC) systems
have been assembled in this past year. Improve-
ments in several arcas have been made. A new
preamplifier has been designed and checked out for
the PEP-14 project as well as a summing amplifier
which precedes some discriminators. Work has been
completed for a “first-in. first-out™ buffer memory
for a MWPC Readout sy<tem. A new MWPC
svstem has been delivered for experiments at the
Bevalac.

The Large Scale Digitizer (L.SD) system has

been modified to perform with the PEP-14 MWPC
so that. with a non-linear clock 1n the digitizer. the
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dataway-limited system of the LSD can accommo-
date an encrgy range four times greater than what
the present system allows while maintaining high
resolution ior Q 3 and 2Q 3 in Quark studies. A
programmable trigger logic has been designed and
installed for PEP-[4 use.

Microcomputer Systems — The two LSI-11 systems
are functioning and have replaced the old IBM 1130
computer unit. Software programs have been
written for the L.SI-11 systems to replace programs
previously used on the IBM 1130. New programs
have also been written to take advantage of the
higher speeds afforded by the L.SI-I] system. A
Basic interpretive language has successfully been
implemented to work with CAMAC. The porta-
bility of the LSI-11 system has been instrumental in
our ability to rapidly troubleshoot complex systems
in the field when problems are often obscured by
dependence on unfamiliar computers and software
programes,

A low cost computer has been interfaced 1o a
tester unit for rapidly checking a large number of
digitizer cards. This unit was senttoa vendor. which
had built printed circuit cards for LBL. so that the
cards can now be pre-tested. This small computer
has many other capabilities which are being
investigated.

Electro-Optical  Device Evaluation Program
Evaluation and lifctime studies were made of the
prototype micro-channel plate photomultipliers.
Further improvements were made in the high-
accuracy photomultiplier measuring svstem. and in
the svstem for fong time studies of the stability of
microchannel plate gain. because it had become
apparent that operational lifetime is one of the most
critical characteristics of microchannel plate photo-
multipliers. Several inexpensive versions of con-
ventionally designed photemuitipliers have been
evaluated.

Commercial development and availability of
devices appropriate for high energy physics instru-
mentation by major manufacturers 1s encouraged.
Some manufacturers have supplied prototype de-
vices without charge. with an LBL commitment
only to advise them about our findings and to offer
suggestions concernming the design criteria for
development of a new generation of these devices
with improved characteristics.
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This microcomputer system for testing digitizers, control cards, and backplanes provides a 23-second checkout
of 20,000 signal channeks per card for Time Projection Chamber’s (TPC) eledromcs. The TPC is the principal

detector at the heart of the PEP-4 array.

Technical Support and Pool Operations — The
base of the equipment pool was effectively ex-
panded by coordinating it with those serving still
other LBL Divisions. The operation of this com-
bined multi-division equipment pool is providing
efficiencies. convenience and better utilization of
equipment than the previous separate pools.

Staff
G. A Constantian KL Lee
CClo C Nunnally
E J Lampo B Leskovar
M Nakamura S R Glson

PUBLICATIONS

Srudies of Protoiype High-Gain Microchannel Plate ithoto-

CBB 807-8046

muldtipliers, C. C. Lo, B. Leskovar, IEEE Trans. Nucl. Sci..
Vol. NS-26. No. 1. pp. 388-394. February 1979,

Time Resolution Performance Studies of High Speed Phoron
Detectors, B. Leskovar. Proc. of the Jth International
Congress-Laser 79 Optoclectronies. Munich, West Ger-
many. July 2-6. 1979, pp. 581-586.

Muliichannel Analog 1o Digital Converter and Readout
Svstem for the Time Projection Chamber, Michael R.
Maier. Stanley R. Olson. Michizvuki Nakamura. and
Frederick S. Goulding. TEEE Trans. Nucl. Sei., Vol. NS-
26. No. 1. pp. 687-699. February 1979

A Protatype CCD Svstem for the Time Projection Chamber,
D. 1. Fancher. K. L. Lee. J. Mallen. P Martin,
(. Shapiro. TEFF Trans. Nucl. Sci., Vol. N§-26.No. I, pp.
212-219. February 1979,
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Astrophysics and Astronomy

Cosmic Background Radiation

This research group is involved in a number of
experiments designed to determine the properties of
the cosmic background (3°K blackbody) radiation.
Using a 33-GHz differential microwave radiometer
flown aboard a U2 aircraft, measurement was made
of a first-order anisotropy in the background
radiation at the 107" level. Confirmation of this
result with more recent southern hemisphere meas-
urements was obtained. The dipole anisotropy was
interpreted as resulting from the local cosmological
motion of the Milky Way galaxy -- a 500 km/sec
velocity with respect to the cosmic background.

Additional U2 or balloon flights have been
planned to search for higher order (intrinsic)
anisotropy. and design of a more sensitive four-
frequency satellite version of the anisotropy ex-
periment as part of the Cosmic Background
Explorer (COBE) Satellite was in progress. The
existence of either intrinsic anisotropy or polari-
zation in the cosmic background radiation would
provide the first evidence for large scale structure in
the early universe.

In a ground-based experiment. this group is
searching for possible polarization of the back-
ground radiation. Using a Dicke-type microwave
polarimeter, the upper limit was set for a polarized
component at below the 0.2 mK ( 107"} level. Plans to
expand the experiment to include polarimeters at
three frequencies have been made.

Physical processes in the early universe, in-
cluding intrinsic anisotropy. inhomogenieties or
turbulence. should also affect the spectrum of the
background radiation. A report by Dave Woody
and Paul Richards of a high-frequency distortion in
the blackbody spectrum, and theoretical predictions
of possible distortions at low frequencies has moti-
vated the group to begin an experiment to measure

-
14

the spectrum of the background radiation at long
wavelengths.
Cosmic Background
Radiation Staff

G. Smoot S. Peterson
Graduate Student
Research Assistants
S. Friedman P. Lubin C. Witebsky

Supernovae Detection and Observation

A search to discover and observe supernovae
early in their explosions was being planned.
Supernovae (SN) play a fundamental role in many
areas of astrophysics: they are the progenitors of
black holes, neutron stars. and pulsars; they
probably make all elements heavier thaniron; stars.
planets, and interstellar grains are made on super-
nova shockwaves; cosmic-rays are accelerated on
the shockwaves either at the explosion itself or in
interstellar space. or in the enormous electric fields
at the pulsar. The remnants of SN explosions are
strong sources of radio, optical, and x-ray and -y-ray
radiation.

Although about 400 SN observations have
been reported in the last 6.000 years. only five were
seen before maximum light. Calculations indicate
substantial differences in the pre-maximum light
curve. depending on the details of the explosion: vet
this section of the light curve is where there is no
data. The present search should detect one SN every
three to six days at 107 to 40% of maximum light
before the peak.

A plan has been made to couple an RCA CCD
(charge-coupled imaging device) to either a 24" or
36" automated telescope and to scan about 7500
galaxies. cycling through this sample every three
days. The image of the galaxy will be compared toa
standard (no SN present) image of the galaxy. and
checked for a brightness increase in any one image
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High-altitude measurements by
physicists Phil Lubin (left) and
George Smoot confirmed the
existence of a first-order anisotropy
at the 1073 level in the cosmic back-
ground (3° K blackbody) radiation in
the southern hemisphere. Here they
are preparing to check their instru-
ment, a 33 GHz differential micro-
wave radiometer installed aboard a
NASA-Ames U-2 aircraft, before
plane took off from the Jorge Chavez
International Airport, Lima, Peru.
CBB 794-4316

clement. A dedicated mini-computer, either a PDP
11 44 or equivalent. will be used for eontrolling the
device and calculating the brightness differences.
When a supernova is discovered 1t will be studied in
detail with existing ground-based and orbiting
satellites to take optical. U.V.. and y-rayv spectra.

Purchasc of parts for the detector was under-
way and it was targeted to have an operating
detector by the end of the fiscal vear. A study ol
software needs to better define computer needs was
underway.

Supernovae Staff
R A Muller
C. PennyPacker

T Mast
F Crawford

Graduate Student
Research Assistant
J. Kare

Compact Stellar Objects (Neutron Stars.
White Dwarfs, Black Holes)

Our optical observations of the pulsating x-ray
source. 4V 1626—67. have finally revealed the clusive
binary periad for this object. with a period of 42
minutes. The x-rav pulsations have a negligible
doppler shift. consistent with an isolated star. vet
the presence of modulated x-ravs strongly suggests a
spinning (7 sccond period) neutron star acereting
matter in a binaryv svstem. These optical observa-
tions of the pulsations revealed that some of the x-

rays heat the surface of the companion star, and the
optical pulsations experience a detectable doppler
shift due to the binary motion. The binary period is
the second shortest known. and by tar the shortest
of anyv x-ray binary.

Observations of optical pulsations from the
recurrent nova Wy Sge. taken both before and after
the December 1978 nova. have revealed a strange
phenomenon. The period of pulsations has changed
from 27.87 sec to 28.96 scc. Because of this. the
widely held view that the pulsations represent the
rotation period of a spinning white dwarf must be
rejected. and another explanation must besought to
explain the extremely stable oscillations.

Our survey of the x-ray behavior of Cataclys-
mic variables (with Cordova and Mason) using the
satellite x-rav observatory HEAO-2 has revealed an
exciting richness. Virtually all of the sources
examined (~I5) have proven to be previoush
undetected x-ray sources. The s-ray spectrum (0.5 -
4.0 kev) suggests that the sources are extremely hot
(1T > 10").

Along with the x-ray observatons. the group
has made ultraviolet observations using the 1UE
satellite telescope of a similar set ot Cataclvsmic
variables with emphasis on the Dwarf novae. These
observations are showing evidence for very hot.
highly ionized gas in the svstems.

Compact Stellar Objects Staff

J Neison J Middleditch
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UC Ten-Meter Telescope Project

During the past year, great progress has been
made developing the methods for making a very
high quality segmented primary mirror. A methoed
for making high quahty off-axis mirrors has been
developed and suceessfully tested which shouid
allow the ceonomical fabrication of the segments. A
method for controlling the mirror positions to
optical tolerances has heen explored and modeled
on the computer with quite positive results. The
apparatus needed to sense and move the segments
has also been designed and the prototypes casily
satisfy the specifications needed to properiy posi-
tron the mirrors,

U.C. Ten-Meter Telescope
Staft
J Netson T Mast
Graduate Student
Research Assistant

L Hunt

The Rubber Mirror Telescope

In carlier work at Mt. Wilson with the small
(127 telescope. diffraction-limited stellar images
(0.5 arc sec) and diffraction-timited double star
images (2 arc second separation) were obtained in
the presence of bad sceing (5 arc sec) which made
their resolution impossible without the rubber
mirror. The “rubber™ telescope was then modified
and used with the 307 solar telescope at Sacramento
Peak. New Mexico. A star guider was built which
guided the solar tuiescone automatically on stars (to
one arc sec) erabling the solar telescope to be used
for the first time in a night-time observing program.
Using the “rubberized™ solar telescope. nearly-
diffraction-limited images (1 4 arc sec) of bright
stars were obtained when the uncorrected “seeing”
was 2 arc sec. Based on the first measurements of
“specle time™ at Sac Peak (which indicated there
were about 25 milliseconds available for adjusting
mirrors). the group expected to study selected
double stars with separations of less than one arc
sec. including scveral that were previously unre-
solved. or controversial. To accomplish this (for
these non-bright stars) the observed 15 millisec
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specle times were required (to obtain enough light
for mirror-move decisions).

Unfortunately. the 15 millisec result turned out
not to be typical; specle times of more than about 5
millisec turned out to be rare, and the double-star
program was not accomplished. Future progress
requires redesign so as to restore images of dimmer
stars in less than the S millisec that is typical of all
sites examined. This redesign would require a new
optical system and a new information-processing
svstem to make use of one of the parallel processing
schemes. This redesign is not being pursued at
present.

Rubber Mirror Telescope Staff

Andrew Buffington F Crawtord

Graduate Student
Research Assistant

S Pollaine

PUBLICATIONS

A Measurement of the Sice of the Isoplanance Patch Using a
Phase-Cuorrecting Telescope, | Crawtord, S. Pollaine. A.
Buftington. 1979, J.O.N. A 6984

Figure Control for a Segmented Telescope Mirror, 7. Mast. }.
Nelson, 1979, 1L.BL. Report 8621,

Stressed Mirror Polishing: Fahrication of an Off-axis Section
of a Parahola, ). Nelson. G Gabor. L. K. Hunt. T. Mast.
1979. Submitted to the Journal of Applied Optics.

Search for Linear Polarization of the Cosmic Background
Radiation, (;. Smoot. P. Lubin. 1979. PRL 42, 129.

TEEE Transactions on Antennas and Propagation, G. Smoot.
M. A Janswsen. S. M. Bednnarczvk. 5. Guikis. H. W
Marlin, 1979. AP 27. No. 4, 55]1-555.

Southern Hemisphere Measurements of the Anisotropy in the
Cosmic Microwave Background Radiation, G. Smoot. P.
Lubin, 1979, Astro-phys. J. Lett., 234, 1.83-1.86.

Fluctuationy in the Microwave Background at Large Angular
Scale, 6. Smoot, 1979, Physica Scripta. 21.

Large-Angular-Scale Anisotropy in Jhe Cosnue Background
Radiation. ;. Smoot. 1979, Proceedings of the 1AU
Sympostum No. 92, UCLA. August 28-31.
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Methods were developed for making and controlling a high quality segmented primary mirror for the UC Ten-
Meter Telescope. This model shows the array of individual mirrors. These are computer controlled for contin-
uous alignment to maintain the figure of the primary mirror, thus preserving the image against distortions

induced by wind, gravity, and temperature.

A New Technigue ot Searching for Cosmic-rayv Antiprotons
and Antirelium. G. Smoot. A. Buffington. C. Penny-
packer. P. Lubin, 1979, Praceedings of the l6th Inter-
national Cosmic Ray Conference. Kyoto, Japan. August
|8,

Anisotropy in the Cosmic Background Radiation. P Lubin. G
Smoot. M. Gorenstein, 1979, Bull. of Am. Phys. Soc.
24. 4. 567.

Polarization of the Cosmic Background Radianion: Search ar
0.9 cm. P Lubin. GG. Smoot. 1979, Bull. of Am Phys. Soc.,
24, 4. 567

Antiproton and  Antihelium  Search, C. Pennypacker, AL
Butfington. P. Lubin. G. Smoot. 1979, To be published in
the Proceedings of the 16th International Cosmic Ray
Conference.

CBB 807-8322A

Double Galaxies 10 Ohservational Dara on a Well-detined
Sample, S. Peterson. 1979, Astrophys 1 Supp . 40, 527

Double Galaxies 11 Data Analysivand a Galavian Masve M 1y
Determination. S, Peterson. 1979, Astrophys 1. 232,20

Selected HI1 Ohservations of Double Galaues. S Peterson,
Y Ternan, 1979, Journal Roval Astronomicat Society of
Canada, 73, 218,

Studies of Binary Galavies, S Peterson, 1979, Bull Am Phys
Soc.. 24, 566

Extended HI Enussionin Stephen’s Quinter. S, Paterson. G S,
Shostak. 1979, Bull. Am. Astron. Soc . 11, 489
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Instrument Defininon Report jor Cospne Backeround  Fx-
plorer, S Peterson, G Smoot. et al. 1979, Goddard Space
Fhight Center report.

Ground-pased Low Frequency Measurement of the Cosnie
Buckground Radianion Specrrum, S. Peterson. G, Smoot.
et al. 1979, Submutted to NSF

Cosmiue Microwave Background — Present Statuy and Fuiure
Prospects, R Muller. 1980, LBL No 8799 Proceedings of
NY Academy of Scenee

Covmology, R Muller. 1980, McGraw Hill Yearbook of
Saienee and Technology.

Muagnet-gun Ieniter for Controlled Thermonudlear Fusion,
R. Muller. R. L. Garwin. B. Richter, 1979, SRI Technical
Report JSN-77 20, 10 be published in Atomkernegergic.

Impacr Fusion with a Segmented Raill Gun, R. Muller, R L.
Garwin, B. Richter, 1979, Proceedings ot Conterence on
Impact Fusion, Loy Alamos.

Testimony to House Subcommirttee on Science, Research, and
Technology. R. Muller. 1979, Congressional Record.
September 1979 (exeerpts published 1n Federation ot
Amencan Scienbists Newsletter)

Segmented Mirror Design for a {0-Meter Telescope, 3. Nelson,
SPIE. Vol 1720 Instrumcentation 1n Astronomy HE 1979,

Coordinated Observations of Optical and X-ray Pulsations
Sram Her X-1. Joss. Lio b Nehono 10 Middleduch.
submitted to Astrophysical Journal. May 1979,
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Paossible Optical Detection of the Companion Star 1o the
Binary Pulsar PSR 1913+[6. P. Crane. J. Nelson. A.
Tyson, Nature. 1979. 180. 367.

Stressed Mirror Polishing A Technique for Polishing Non
Axisvmmerric Mirrors. J. Lubliner and J. Nelson, LBI .-
9967.

Stressed  Mirror  Polishing:  Fabrication of an Off Axis
Parabola, J. Nelson. T. Mast. J. Lubliner. L. Hunt
G. Gabor. [.BL.-996K.

Changes in the Optical Light Curve of the Crah Pulsar Berween
1976 and 1977, D. H. P. Jones. F. G. Smith. J. F. Nelson.
Nature. 1980, 283, 50.

Stressed Mirror Polishing: A Technigque for Making Non
Axisymmertric Mirrors, 3. Nebson, JOSA. 69, 1436 (1979).

The University of California Ten Meter Telescope Project.
J. Nelson, Jan. 1980. Proc. ot Conf. on Optical and
Infrared Telescopes for the 19907,

Control Svstems for Segmented Primary Mirrors. 3. Nelson.
T. Mast. Jan. 1980 Proc. of Cont. on Optical and Infrared
Telescopes {or the 19907,

Stressed Mirror Polishing. ). Nebson, Jan. 1980, Proc. of Cont.
on Optical and Intrared Telescopes for the 19907,

An X-ray Surveyv of Selected Caraclysmic Variahle Stars Using
the Finstein Observatory, F. A. Cordova. K. Mason. J. E.
Nelson. Jan. 1980, submitted to the Astrophysical Journal.
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Earth Studies

Atmospheric CO; Concentration

The rise in the atmospheric CO: concentration
due at least in part to the combustion of fossil fuels is
expected to have a profound impact on the climate
everywhere on earth. The credibility of current
predictions of the futurc rise of atmospheric COz is
seriously impaired by the fact that the present CO:
budget does not seem to be in balance. Very precise
measurements of changes in the global atmospheric
O: N; ratio in the course of a few years could
provide the key to the solution of the “missing CO,™
problem.

Staff

P Tans R Muller

Graduate Student
Research Assistant

J. Swift

Extraterrestrial Cause for the
Cretaceous-Tertiary Extinction

Platinum metals are depleted in the earth’s
crust relative to their cosmic abundance: concentra-
tions of these elements in deep-sea sediments maxy
thus indicate influxes of extraterrestrial matenal.

Deep-sea limestones exposed in ltaly and Denmark
show iridium increases of about 30 and 160 times,
respectively, above the background level at precisely
the time of the Cretaceous Tertiary extinctions. 65
million years ago. There are indications that this
iridium is of extraterrestrial origin, but did not come
from a nearby supernova.

An hypothesis to account for the extinctions
and the iridium observations was made. Impact of a
large Apollo object would inject about 100 times the
object’s mass into the atmosphere as pulverized
rock: about [0 percent of this dust would stay in the
stratosphere for 3-5 yvears and be distributed world-
wide. The resulting darkness would suppress photo-
synthesis and the expected biological consequenccs
match quite closely the extinctions observed in the
paleontological record.

One prediction of the above hypothesis has
been verified: the chemical composition of the
boundary clay is markedly different from that of
clay mixed with the Cretaceous and Tertiary
limestones. which are chemically similar to each
other. Four different and quite independent esti-
mates of the diameter of the asteroid give values that
lie in the range 10 £ 4 km.

L W Alvarez
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Radiative Pion Capture in Nuclei and Nuclear Structure

In these experiments the photon energy is
measured with a high resolution pair spectrometer.
This allows a determination of the final state mass
spectrum.

1. ’H(m . vy)3n

The trineutron mass spectrum was observed in
the reaction 'H(#x", ¥)3n by measuring the
photon energy with high resolution. It exhibits
no strueture beyond that predicted by the inter-
action of two of the outgoing nucleons con-
sidered in the framework of the Amado model.
Thus the absence of T=3: 2 resonancesinthe A
= 3 system as well as the non-existence of a
bound trineutron now seems firmly established.

2. UC@r, v)"B*, ®Ne(m . v)°F*, "F(7".v)""0*

Each of these reactions has been investigated.
Clear evidence fora giant magneticdipole (M|}
resonance in C(m . v)"’B* at 125 MeV was
obtained. Satisfactory agreement with theory
was found for the positions and strengths of
resonances.

Evidence for an M1 transition in °Ne is shown
by a small peak at {30 MeV.

Analysis of data from these reactions is
underway.

2

3. “C(r’, v)'N*

Capture in flight of 45 MeV =" mesons has been
studied. This allows determination of changes
in transition mechanisms as the momentum
transfer is changed. Work is continuing.

Weak Interactions Studies
at LAMPF and TRIUMF

A precise measurement of the positron spec-
trum in the decay

p=e Fut o

will allow accurate determination of the positron
helicity and Michel parameters, 7and 8. This is the
only process in which the weak interactions are
independent of sirong interaclions and nuclear
structure. Two experiments have been planned. one
at LAMPF the other at TRIUMF. A final experi-
ment will be completed at the Laboratory where
circumstances are most favorable.

Staff

K. Crowe

J. Jansen S Rosenblum

Graduate Student
Research Assistants

C. Martoff W Zajc C Clawson

Technician

J. Bistirlhich

PUBLICATIONS

Muonium Chemisiry — A Review, K. M. Crowe. with D. G.
Fleming. D. M. Garner. L. C. Vaz. D. C. Walker. J. H.
Brewer. In Positronium and Muonium Chemistry. Ad-
vances in Chemistry Series ¥174. Ed. Hans J. Ache (1979).
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Study of Isobar Analogs of ''C GDR by Radianve w Capiure,
(K M. Crowe, with C. J. Martoft. J. A. Bisturlich, J. P.
Miler. S. S. Rosenblum. W. A Zajc, H. W. Baer,
G. Strassner. P Truol and A. H. Wapstra), Abstract for
Amencan Physical Societs Meeung. Washington. D.C
Apnil 23-26. 1979 Bull. Am. Phys. Soc. 24, 4. p. 647
(1979).

Structure in Hard v Spectrafrom @ Radiative Capture in ' Ne,
*F, “Zr and In-flight w" Radiative Capture in'"C, (K. M.
Crowe. with J. P. Miller. J. A. Bistirhch, C. J. Martoff, S.
S. Rosenblum. W. A Zaje. H. W. Baer. G. Strassner. P.
Truoland A. H. Wapstra). Abstract for American Physical
Society Meeung. Washington. D.C Apnil 23-26. 19°9;
Bull. Am. Phyy. Soc. 24, p. 647 (1979).

Exotie Atoms '79: Fundamenial Interactions and Structure of
Marter, Ed. Kenneth Crowe, Jean Duclos. G Fiorentini.

G. Torelli. Ettore Majorana International Svience Series.,
Vol. 4 Plenum Press. New York (1980)

Upper Limits for Bound States and Resonance Behavior in the
Tri-neutron System, (K. M. Crowe, with J. P. Miller. J. A.
Bistirlich, S. S. Rosenblum. P, C Rowe. F T Shnely E.
R. Gnlly. E. C. Kerr. J Novak. R. H Sherman. H.
Brandle. G. Strassner. P. Truol) Submitted to Nuclear
Physics A (1980)

Elementary Excitations Involving Spin Flip Studied in '’ C and
*"Ne by the (w . y) Reaction, (K M Crowe with C. J.
Martoff. J. A. Bistirlich. J. P Muller. S§.S. Rosenblum. W.
A Zajc. H. W. Baer. G Strassner, P. Truol. A. H.
Wapstra, M. Koike). Coninbuted to Nuclear Structure
with Intermediate Energy Probes Workshop. Los Alamos
Scientific Laboratory. January 14-16, 1980

Mesonic Atoms

Kaon Mass Measurement

If the kaon mass were 493.669 MeV ¢’ the
n =6 — 5 transition in potassium-39 would resultin
kaonic stom x rays of 57462.0 ¢V. The element
erbium has a critical absorption K-edge at 57485.6
¢V measured to high precision at the National
Bureau of Standards. Using a beam of kaons from
the I.BL. Bevatron a measuremen* was made of the
attenuation of the 39K x-rays in a set of calibrated
Er foils. The transmission measurements deter-
mined the energy of the x-rays. which translated
into a kaon mass of 493.64 * 0.05 MeV,c’.
Heretofore the kaon mass had been determined by
using kaonic x-rays of the heavy elements (Pb and
U) where high order radiative and electron screen-
ing corrections are difficult to calculate. These
results are in agreement with the previous kaon
mass measurements 493.67 + 0.02 and verify certain
theoretical calcuiations.

Staff for Kaon

Mass Measurement
C Wiegand

Graduate Student
Research Assistant

Gary Lum

Pionic X-ray Intensities

At the TRIUMF laboratory pionic atom x-ray
intensities were measured for 57 targets ot chemnical
elements. The experiment surveyed these intensitics
over the range of elements fromZ =310Z =92. as
was done earlier at 1.BL for kaonic atoms. The pi-
onic x-ray intensity pattern of transition] A n =1
as a function of Z showed maxima ncar £ values
of closed atomic shells as had the kaonic intensities,
but the intensity variations were not as pronounced
as those for kaonic atoms. In contrast. however. the
pionic intensities for transitions [A n = 2| showed
large variations. The n = 6 — 4 intensities showed a
well-defined maxima around Z = 34. A satisfactory
theory for the atomic effects in mesonic atoms has
not yet been devised.

C Wiegand

Task Description
A program to study the interactions of muons

with fissile nuclides 1s underway. Nuclei whose
fission-barrier heights are comparable to the Ka

41


file:///alues

Experimental Physics
Medium Energy

transitton energies of atomically captured muons
arc used. The primary motivation 15 to attempt to
use the muon to probe the fission barrier, particu-
lurly the double-hump barrier which produces the
so-called shape isomeric state.

If the atomic cascade of the muon excites the
shape 1somer. then the ground state energy of the
isomer as well as the transmission rate through both
the forward and backward barriers may be meas-
ured. Altbough the barrier shape is perturbed by the
coulomb interaction of the muon i the atomie K
~hell, this interaction is well understood so that the
measured results may be interpreted in terms of the
unperturbed nucleus.

Although there have been many previous
ctiorts to study this problem. no clear demonstra-
tion has been found for the existence of this isomer
production mechanism.

Analvsis of absolute fission-vield measure-
ments have been completed following efficiency
calibrations of the ***U and “™U fission chambers at
the UCB Rescarch Reactor. Because of large and
not futly urderstood atomic-transter mechanisms in
the stowingz-down process. normalizing such fission-
vield measurements to atomic capture by U,
particularly when it is in the form of thin fission
chamber depositions, is subject to large uncertain-
ties. Such uncertainties were overcome in these
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measurements by requiring fission to be preceded by
muonic Ka x-rays. These vield results. which in
addition to having intrinsic interest, are necessary
for normalizing. or setting limits on subsequent
measurements.

Concurrent theoretical calculations have been
made. As a first step. the mesic-x-ray-energy pro-
grams of Rinker from LASL (MUON and RURP).
have been used at LBL. and are being modified 1o
calculate muon cnergies in a highly distorted
nucleus.

Selig Kaplan

PUBLICATIONS

Absolute Fission Yields per Muon Capture n "U and * ",
S. Ahamd. G. A, Beer. MUS. Divat )AL Macdonald. GUR.
Mason. A, Olin. R, M. Pearce. O. Hiuwser. S, N\ Kaplan.
Paper SB15S (Abstract). Sth International Conlerence on
High Energy Physics and Nuclear Structure {August
13-17. 1979).

Fission Yields and Lifetimes for Muon Induced Fissionm =" U
LS. Ahmad. G. AL Beer. ML S, Dixit. ). A. Macdonald.
G. R. Mason, A. Olin, R. M. Pearce. Q. Hausser.and §. N\,
Kaplan LBL-10458 (1980) and Physics Lerters. 92B. 83
(19%0).
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A joint experimental-theoretical physics seminar in which the discussion is being led by a theorist. These
sessions are aimed at finding directions for profitable research. XBB 805-7069



[I. THEORETICAL PHYSICS

The major thrust of the theoretical physics
research in the Physics. Computer Science and
Mathematics Division at LBL is in the field of
particle physics.

The Berkeley (LBL.UCB) particle physics
research program is concerned with all aspects of
particle physics -- the strong. electromagnetic.
weak and superweak, and gravitational inter-
actions. They arc investigated by the techniques of
S-Matrix theory and quantum field theory. Our
Group is especially noted torits contributions to the
development of the S-matrix approach to the theory
of strong interactions. This method deals morc
directly with experimental quantities than the
traditional field theoretic approach and is based on
very general assumptions such as Lorentz in-
variance, analyticity properties of scattering ampli-
tudes, and probability conservation. Over the years
the S-matrix approach has been placed on a very
firm foundation by members of our Group.

In addition to our concern with fundamental
theoretical work, members of our group are actively
concerned with the Laboratory’s experimental
program through the analysis and interpretation of
experimental data.

Minor areas of research include statistical
mechanics and nonlinear wave phenomena. This
work is funded Ly agencies such as the National
Science Foundation. the Office of Naval Research
and the Advanced Research Projects Agency: those
engaged in it have the status of participating guests
in the Theoretical Physics Group.

Animportant adjunct of our research program
is in the training of graduate students working for

the loctorate in theoretical physics. These students
make important contributions to our research in the
course of fulfilling requirements for the degree.

Theoretical Physics Group

The Theoretical Physics Group i1s now com-
posed of 7 Faculty Senior Scientists, 5 Staff Sentor
Scientists, 2 Divisional Fellows, and 6 Postdoctoral
Research Associates. These titles and categories are
si’zhtly different than those which have been given
in earlier reports and they reflect the approval by
President David Saxon of the University of Cali-
fornia of a policy statement on professional research
staff for LBL. Divisional Fellows are experienced
scientists of exceptional ability who are appointed
for a term of five years with the expectation that
they will eventually be promoted to become Staff
Senior Scientists. The Postdoctoral Research Asso-
ciates are persons who have shown unusual ability
and promise but have only recently been awarded
the doctorate. They are appointed for terms of one
or two years.

At the present time there are nine Graduate
Student Research Assistants (GRSA) supported by
DOE and three supported by other grants who are
working under the direction of members of the
Theoretical Physics Group.

Doctoral Theses
During the year. two graduate students were
awarded the Ph.D. degree: Neil L. Fleishon, Vector

Current Scattering in Two Dimensional Quantum
Chromodynamics, Ph. D. thesis (University of
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California—Berkeley), May 23, 1979. Stuart Samuel,
Statistical Mechanics and Field Theory, Ph.D.
thesis { University of California—~Berkeley), Mayv 23,
1979.

Members of Theoretical
Physics Group

The present composition of the Theoretical
Physics Group 1s given in the following list:

Faculty Senior Scientists

Korkut Bardakci
Geoffrey F. Chew

ton sabbaucal leave 6/78-9/79)
Martin B. Halpern

J. David Jackson

Stanley Mandelstam
ion sabtancat leave 3.79-6 30)
Mahiko Suzuki
Kenneth M. Watson

fon sabbatical feave 7:79 780

Staff Senior Scientists

Michael Chanowitz
David L. Judd
Joseph V. Lepore

Robert J. Riddell, Jr.

ton teave ot ansency Junng 1979

Henry P. Stapp

Divisional Fellows

Robert N. Cahn

lan Hinchliffe

Summer Program

For almost thirty years the Theoretical Physics
Group has maintained a stimulating summer pro-
gram. The vigor and variety of Berkeley physics
research and the unusual features of the Bay Area
have made it relatively easy for us to attract
outstanding scientists from all over the world at
modest expense. Both theoretical and experimental
programs at the Laboratory benefit from these
visitors who often interact as much with experi-
mentalists as with theorists. In addition to the
participation of those few which are given some
support, our summer program is enriched by a
bonus of self-supporting visitors who are active in
our research areas. We offer them our hospitality
and are rewarded by seminars on their current work
and often by direct contributions to ours.

During the academic year we also have visitors,
eager to participate in our research, who make
significant contributions to our work. They are
supported by their own institutions, by special
research grants or fellowships. We cooperate with
these theorists by supplying office space, limited
computing facilities and secretarial help.

Participating Guests

Postdoctoral Research Associates

Daniel Caldi
Miguel Furman
Howard Haber

Eliezer Rabinovici
Jonathan Sheiman
Ken-ichi Shizuya

Graduate Student
Research Assistants

Alan Axelrod Mark Levinson
Philippe de Forcrand Leonard Mlodinow
Neil Fleishon Susan Moore

Curt Flory Joseph Polchinski

Daniel Friedan
Omer Kaymakcalan
Philip Yau

Stuart Samuel
Stephen Sharpe

GSRA Participating Guests

Jeffrey Lerner James Meiss Henry Warchall
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Brower, Richard

Capra, Fritjof
Coster, Joseph
Das, Kamala
Dash, Jan

Deshpande, N. G.
Duncan, Anthony
Eguchi, Tohru
Einhorn, Martin
Ellis, John

Eilis. R. K.

Eylon, Yoav
Finkelstein, Jerome
Garczynski, H. W.
Gronau, Michael
Harper, Charlie

Holland, Peter

University of California,
Santa Cruz
Berkeley, California
Western lllinois University
University of Oregon
Centre National de la
Recherche Scientifique,
Marseille, France
University of Oregon
Columbia University
University of Chicago
University of Michigan
CERN, Geneva, Switzerland
California Institute of
Technology
Weizmann Institute
Columbia University
University of Wroclaw
Technion, Haifa, Israel
California State
University at Hayward
City College of San Francisco
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Joglekar, Satish University of California,
Berkeley/NSF

University of Pennsylvania

Carnegie-Mellon

Kyoto University

University of California,
Berkeley

Tel-Aviv University

University of California,

Berkeley/NSF

Laboratoire de Physique
Theorique, Orsay. France

Ohio State University

University of California
Berkeley/NSF

Langacker, Paul
Li, Ling-Fong
Matsuda, Satashi
Morrison, Harry L.

Moshe, Moshe
Neuberger, Herbert

Oliver. Luis
Palmer. William F.

Papanicolaou, Nicolas

Peskin, Michael
Pomphrey, Neil

Harvard University
University of California,
Berkeley/ONR

Pusterla, Modesto Universita Padova. Haly

Rarita, William R.

Robel, Michael
Ross, G. G.
Strock, Robert L.

Sursock, Jean-Pierre

Suthertand, David
Tan, Chung-I
Truong, Tran N.

Uchiyama, Fumiyo

Wada, Walter
Warnock. Robert
Weiler, Thomas
Wkhite, Alan
Yan, Tung-Mo
Yao, Y. P.

Scattering Matrix Theory

Topological Bootstrap
Theory of Hadrons

A topological bootstrap theory of hadrons and
strong interactions based on combinatorial topol-
ogy has been developed. Reaction amplitudes (S-
matrix elements) are associated with 2-dimensional
surfaces and particles with discs covering the
surfaces. The controlling principle is consistency
with a causal, unitary. Poincare-invariant S-matrix
within a surface hierarchy of increasing complexity
(entropy) — a topological bootstrap. The bootstrap
solution yields 3 families of elementary hadrons —
mesons, baryons, and baryoniums — each cor-
responding to discs built from oriented triangles.
Baryon number, 3 colors, and 8 flavors emerge. An
individual triangle cannot be a hadron but on

Retired - Brooklyn College,
New York

Niels Bohr Institute

Oxford University, England

State University of
New York, Stony Brook

Electric Power Research
Institute

University of Glasgow

Brown University

Ecole Polytechnique,
Palaiseau, France

University of Tsukuba, Sakura,
Japan

Ohio State University

Minois [nstitute of Technology

Northeastern University

CERN, Geneva, Switzerland

Cornell University

University of Michigan

strong-interaction surfaces may be identified as a
quark. On surfaces corresponding to electromag-
netic and weak interactions, it is believed that
individual triangles are associated wi*h leptons.
Hence a total of 8 leptons is predicted.

Present work concentrates on the spin depend-
ence of strong interactions. It appears that thereisa
chiral structure in zeroth approximation which will
produce spin-flavor multiplets. Looming in the
immediate future is extension of the theory to
electromagnetic and weak interactions.

G. F. Chew M. Levinson
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Unitary Regge Amplitudes

A systematic program' for construction of a
crossing-symmetric unitary Regge theory is being
pursued. The scheme is based on a new formulation
of the crossing-unitarity equations in terms of
partial-wave quantities alone. It overcomes mathe-
matical difficulties occurring in earlier formu-
lations, in particular the problem of apparent high-
encrgy divergences. A key element is the Watson-
Sommerfeld representation of spectral functions.

The main effort of the past year was to extend
the scheme to allow several coupled two-body
channels, still with exact crossing symmetry. Uni-
tarity in the extended scheme will involve the
channels treated explicitly, but will also include
many-particle absorptive effects of multi-peripheral
type, arising from crossed two-particle processes.

There are two novel technical problems which
arise in the coupled-channel set-up. First, one must
find a coupled-channel N/D method allowing
arbitrary absorption parameters and overlapping
left and right cuts in the energy plane. Second. a

'P W. Johnson and R. L. Warnock. Phys. Rev. D1S. 2354 (1977): tbid 16, 982
(1977 R. I.. Warnock. Physica 96A, 321 (1979).

R, L. Warnock., “Matrix N D Method with Absorption and the Unitarity
Problem 1n Coupled-Channel Regge Theory,” 1.BL.-10196. November 1979

R. L Warnock. “Dynamical Equations for a Regge Theory with Crossing
Symmetry and Unntarity. Part 1V: Coupled Channels.” preprint, Fehruary 1980

Watson-Sommerfeld representation of spectral
functions is needed, but off-diagonal Froissart-
Gribov amplitudes Ay(1,s) increase exponentially in
Im 1 in the energy region where channeliis open but
channel j is closed; consequently, the usual Watson-
Sommerfeld integral diverges. Solutions to these
problems are proposed in several papers."*’

Robert Warnock

Meson-Meson Scattering

Work currently underway is focused on devel-
opment of a meson-meson scattering theory con-
sistent with quark model spectroscopy. It is con-
jectured that quark model Regge trajectories can be
introduced through the central spectral function
(i.e., through their couplings to inelastic states) in
such a way that the same Regge poles appear in
elastic amplitudes, and so that crossing symmetry
and umitarity are maintained.

Robert Warnock
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Quantum Chromodynamics

Meson Masses in QCD

An approximation scheme is proposed for
calculating masses of QQ mesons in QCD. The
vacuum instability is removed, not by giving the
magnetic field an expectation value, but by en-
hancing the amplitude of the low-frequency com-
ponents of the virtual magnetic field. A simple
truncation of the Schwinger-Dyson equations in-
corporates such an effect. Rough numerical calcula-
tions indicate that the equations for the gluon
propagator have a solution which increases loga-
rithmically at large distances. Clustering does not
hold for multi-gluon Green’s functions. Instead, if
generally believed properties are found to be true for
the two-gluon function, they are assumed to be true
for the higher functions. Equations for the quark
propagator and the QQ bound states are set up. The
ladder approximation is totally inadequate in the
confinement region, but we can make a reasonable
approximation which leads to static forces at large
distances. Corrections probably involve vibrational
modes of the dual string. At high energy, linearly
rising QQ Regge trajectories with the expected
quantum numbers are found. The scheme is free
from dimensionless parameters if the quarks have
zero bare mass. Our equations possess the possi-
bility of chiral symmetry breaking. Massless
“pions” would then appear as QQ bound states;
massless “etas™ would not appear if closed quark
loops were included.

Stanley Mandelstam

Quark-Quark Scattering

Quark-quark scattering has been studied be-
yond the leading order in perturbative QCD. All
one-loop Feynman diagrams contributing to the
scattering of two quarks of different flavors were

calculated. Massless quarks and gluons were as-
sumed and the infrared and collinear divergences
were regularized using dimensional regularization.
MACSYMA (the MIT computer programming
system used for performing symbolic mathematical
manipulations) was used to cope with the enormous
number of algebraic manipulations required by the
calculation. By factorizing the (leading log) singu-
larities into unknown distribution and fragmen-
tation functions and by comparing with previous
calculations of ep —~ eX and e’e” — hX (h= hadron),
the order g’ correction to the standard parton model
formula for pp — hX was obtained. The corrections
were found to be large, implying that QCD
perturbation theory may not be reliable for large
transverse momentum hadron physics.

M. A. Furman
H. E. Haber

I. Hinchliffe
R. K. Ellis (Cal Tech)

Target Mass Effects

A general procedure for including target mass
effects in the QCD parton model has been invented.
The algorithm reproduces the £ scaling analysis of
inclusive leptoproduction. Applying it to semi-
inclusive leptoproduction gives rise to double
moments which are target mass independent, and
which have simple scaling violations and factori-
zation breaking.

Jonathan Sheiman

Quarkonium-Gluon Interactions

The interaction of a very heavy quarkonium
with soft gluons is being studied within the
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framework of perturbative QCD. By use of a
unitary transformation analogous to the Foldy-
Wonthuysen transformation, interactions are clas-
sified according to the softness of color gluons
which interact with the quarkonium.

Ken-ichi Shizuya

Heavy Quark Meson Wavefunction

As a model exercise in the gauge-invariant loop
space formulation of quantum chromodynamics,
the heavy yuark meson wavefunction was deter-
mined variationally. The bare loop space meson
operator is the ordered exponential of the gauge
field integrated along a path between fixed quark-
antiquark endpoints. The trial wavefunction is
constructed by averaging over the unphysical paths
with an ansatz weighting functional. Assuming the
usual area law behavior of the Wilson loop, it is
found that a finite width, stringlike distribution of
color electric flux is the preferred ground state
configuration.

Susan Moore
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Instanton Effects on
Boson Masses in QCD

An investigation of the fate of the would-be
scalar Goldstone Boson associated with the spon-
taneous breaking of scale symmetry has been made.
In the absence of anomalies spontaneous breaking
of chiral symmetry would iniply that scale in-
variance is also spontaneously broken and that
there should be a light scalar meson. The absence of
such a scalar meson in the observed spectrum is
expected as a consequence of the anomalies that do
exist in quantum chromodynamics. In particular,
instantons may elevate the mass of the scalar boson
because of the anomaly in the trace of the stress
tensor, just as they are thought to elevate the flavor
singlet pseudoscalar boson because of the anomaly
in the divergence of the axial current. Instantons
must exist in QCD but no experimental tests of their
existence have been devised. This analysis may lead
to a testable statement about the effect of instantons
on the observed spectrum of scalar mesons.

M. Chanowitz
R. Peccei (Max-Planck Inst.)
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Field Theory of Hadrons

Field-Strength Formulation
of Gauge Theories

Work on an unambiguous field-strength for-
mulation of gauge theories, Abelian and non-
Abelian, was completed. The field-strength for-
mulation emphasized that there exist gauges in
which Wu-Yang ambiguities are totally absent, and
in which Bohn-Aharanov effects can be traced
entirely to the field strength. The formulation also
leads naturally to another formulation of gauge
theories in terms of the “dual potentials.” Such
potentials. like the magnetic scalar potential of
Maxwell's equations. are canonically conjugate to
the magnetic fields, instead of the electric. and are
thus closely related to ‘t Hooft's disorder operators.

Martin B Halpern

Ground State of Non-Abelian
Gauge Theories

Gauge theories with positive mass-squared
scalar particles and with arbitrary (i.e. non-pertur-
bative) coupling constants are considered. The
quantization is done in the axial-gauge for which the
quantization procedure is simplest in non-Abelian
gauge theories.

The axial-gauge bare vacuum is not a good trial
wavefunction for the vacuum of such a theory.
Certain coherent state trial wavefunctions which
spontaneously break the symmetry of these theories
are considered. Performing a variational calcula-
tion, it is then shown that a broken symmetry
wavefunction gives a lowering of the energy
compared to the energy of the bare vacuum for
which the symmetry is unbroken.

This indicates that in non-Abelian gauge
theories, a phase with partial Higgs-symmetry
breaking may be a better approximation to the
ground state than the symmetric phase with real
massless gluons.

Omer Kaymakcalan

Topological Excitations

The topological excitations in the two-dimen-
sional Abelian Higgs model are studied in both the
continuum and the Villain lattice version, and the
results are compared. Using a singular gauge
transformation, it is shown that there is an exact
equivalence between the dual form of both versions.
A fermion form of the theory is "iseful in studying its
confinement properties beyond the dilute gas limit.
Also, the correct measure factor for the continuum
version is derived.

Korkut Bardakct

Renormalizable Non-linear Field Theory

New renormalizable non-linear field theories in
two dimensions and the large N hmit of non-
Abelian gauge theory were studied. This work was
directed towards understanding the possibilities for
critical phenomena in two and three dimensions and
towards understanding QCD. A description of a
new class of models for critical systems and a
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substantiation of a phase transition in U(®®) lattice
gauge theory through explicit calculations for small
tattices were found.

Daniel Friedan

Two-dimensional CPY™! Models

Two-dimensional CP™"' models have been
investigated. These models are generalized non-
linear sigma models, and have many properties in
common with QCD. The specific problem is how to
calculate the effects of a dense plasma of instantons
and anti-instantons together. These instantons are
certain configurations which are solutions to the
classical equations of motion. It appears that the
instantons and anti-instantons break up into vor-
tices. and one ends up with a plasma of these
vortices. These topological excitations lead to
confinement. Confinement is also seen by calcu-
lating in the 1/N expansion. and it can be shown
that it is the topological excitations we have
identified which dnive the confinement in both
cases. In addition, the p1:i.lem of generalizing these
methods to 4-dimensional QCD is currently under
investigation.

Danield Caidi  Herbert ncuberger  Korkut Bardacki

Variables for CPY"! Models

Various aspects of the two dimensional CP™"!
model were studied. By transforming to new
variables, which are unconstrained. a Lagrangian
and Hamiltonian were obtained which were studied
to gain an insight into the confinement that this
model exhibits. In the Lagrangian formulation the
appearance of a dynamically generated gauge field
leads directly to the confinement. The Hamiltonian
had a singularity (similar to the Gribov ambiguity of
QCD) whose presence is an immediate indication of
quark confinement.
H. Haber

| Hinchliffe E Rabinovici
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't Hooft Vortex Operator

The ‘t Hooft vortex operator has been inten-
sively studied. The possible phases of a gauge theory
without quarks have been classified in terms of the
cluster properties of the vortex and Wilson loops.
The effect of quarks on the vortex operator has been
determined; the operator is no longer “local
looplike™ and the algebra of the vortex and Wilson
operators no longer restricts the possible phases.
Some problems of the renormalization and equa-
tions of motion of vortex operators have also been
examined. This research will soon be completed.

J. Polchinski

“Quadratic-Building Block™ Theories

Large N saddle points were found for general
theories constructed out of “quadratic building
blocks™ — e.g. field theories whose interaction is an
arbitrary function of ®.¢ where & is an N-
component vector. This will allow detailed large N
expansion studies of a broad class of theories.

Martin B Halpern

Large N Expansion for
Quantum Mechanics

The large N (N = number of spatial dimen-
sions) expansion for quantum mechanics was
formulated in an algebraic manner. Contrary to
many expectations the method was found to yield
accurate results (after only a few terms) for a wide
variety of potentials. Furthermore, in the present



Theoretical Physics

formulation higher order terms of the expansionare
easily calculable. In particular, spherically and
axially symmetric one-particle potentials were treat-
ed and work is in progress on the treatment of two-
particle potentials. The accuracy of the method is
illustrated by the fact that for the linear potential
(V =¢%r) in three dimensions the first three terms of
the expansion yield the result (in units such thatm=

=,e?=1/2)1.16849 tor the ground state energy. as
compared to the exact numerical result of 1.16905.

The expansion was also applied to the interest-
ing problem of the hydrogen atom in a uniform
magnetic field. For the range 0-10'"' Gauss. inclusion
of only the first non-trivial correction gives accurate
results for the ground state energy of each azimuthal
angular momentum subspace. The accuracy of the
method as well as the range of fields will be
improved by future higher order calculations.

L Miodinow N Papanicolaou

Theory of Weak Interactions

CP Violation and the Higgs Sector

Higgs field mixing and CP violation in the
Weinberg-Salam mode. ive beeninvestigated. The
proliferation of the number of Higgs particles leads
to CP violation some orders of magnitude larger
than that due to the quark sector. In connection
with this, research is now in progress to study CP
violation due to the Higgs sector by use of the
mixing matrix of Higgs particles. This mixing-
matrix method gives a concise parameterization of
CP-violating interactions. An article is being pre-
pared.

Ken-icht Shizuya H Tye (Comelly

Axial Current
Dimensional Regularization

Work begun last year on how to treat the axial

current in dimensional regularization has been
completed. This is an important issue in the broken
gauge theories of weak and electromagnetic inter-
actions, theoretically because it figures in proving
renormalizability. and practically. to have a con-
venient method of computing higher order cor-
rections. It is shown that a prescription which is
both correct and convenient is to assume an anti-
commuting ys. This prescription has been rejected
in the past because no such object can be defined in n
dimensions. Their analysis showed that this is not a
defect of the prescription but merely the incvitable
reflection of the well-known axial anomaly of
Adler. Belland Jackiw. Inthe broken gauge theories
the anomaly is constrained to cancel so that the
prescription is well-defined. Other prescriptions are
either incorrect or very cumbersome.

Michael Chanowitz ~ Miguel Furman  tan Hinchiitte
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Particle Physics, with Direct Application to Experiment

Charmonium Chi States

Charmonium chi states. their radiative and
hadronic widths and the spin of the gluon have been
investigated. The dipole sum rules, used earlicr to
give upper and lower bounds for the radiative
transitions for X, YY and so estimate the hadronic
widths of the x states. are re-examined with more
general assumptions about the QQ interaction.
namely the presence of spin-spin., spin-orbit, and
tensor forces. The lower and upper bonds for a
specific J value are now explicitly force dependent.
In fact. a useful lower bound can be established only
for the J = 2 state. The inferred radiative rates and
estimates of hadronic width, based on new data, are
similar to those given earlier. Results from the
Crystal Ball Detector reported at the Fermilab
Lepton-Photon symposium in August 1979, led to
the inequalities 6 < T, (07); Ty (27°) < 20, in some
disagreement with the QCD expectation of 15/4 for
vector gluons, but also far from the scalar gluon
value of 125/2.

J. David Jackson

Cluster Decomposition of Phase Space
And High Energy Collisions

Studies have been made of the application of a
cluster de_omposition of many-dimensional phase
space to high-energy collisions. A high-dimensional
phase space is reduced in an approximate way to a
much smaller dimensional phase space, by singling
out a “cluster™ of a smaller number of p :rticles (e.g..
two or three). This study derives the invariant mass
distribution of the cluster. and, for fixed invariant
mass, its c.m.s. energy distribution. The basis of the
method is a two-cluster decomposition of the
original phase space into the cluster of interest and
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the remainder. Simple. explicit formulas are given
for all particles massless, and for one particle with
mass and the others massless. A recipe is stated for
the application of these easily calculable distri-
butions to practical situations where the masses of
particles must be taken into account. Numerical
examples illustrating the validity of the approxi-
mations and applications to high-energy elementary
particle collisions are given.

Martin M. Block J. David Jackson

Analyses of n’ (958) Width

Recent experimental measurements of the
width of n" (958) have been analyzed in order to
distinguish between the integral and fractionai
charge quark models. If the color threshold of the
integral charge model is assumed to be very large,
then the two models are very hard to distinguish. In
fact, the two-photon decays of n and 5’ could be the
only experimental means of discriminating between
the two models. Previous analyses have had to
resort to dubious assumptions. such as “nonet”
symmetry which manifestly fails to explain the
observed n—n’ mixing. The present analysis does not
require these assumptions. The results strongly
favor the fractional charge model.

Michael Chanowitz

One-Loop Correction for
Three-Jet Events

The magnitude of the leading one loop cor-
rections to the differential cross section for three jet
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events, e’ e — qqg is being investigated. With
enough data from PEP and Petra, this cross section
is likely to provide the most definitive test yet of
quantum chromodynamics. Knowledge of the one
loop correction is essential for the interpretation of
the data.

Michael Chanowitz Stephen Sharpe

Heavy Flavor, Quarkonium Decay

Heavy flavor production in quarkonium decay
has been investigated. The postulate of duality for
the one-gluon production mechanism of QQ bound
states has been rejected, and the rates for desired
color singlet states with soft gluon radiation have
been calculated. The results indicate a large sup-
pression of heavy quark bound state production via
this mechanism. Intuitively, this is due to limited
phase space and a “long-wavelength dipole coupling”
between the QQ bound state and the soft gluon. This
work will be extended to QQ bound state pro-
duction in hadron-hadron collisions, and the phe-
nomenological implications analyzed.

Curt Flory

Angular Distributions of
Charmed Particles

The angular distributions in e e* — D*D*
have been studied. These can be measured con-
veniently atv's = 4.028 GeV. The angular dis-
tributions yield evidence of the mechanism by which
the initially produced charmed quarks are turned
into hadrons. The D*D* production occurs in three
partial waves: (L=1,5S=0),(L=1.S=2'and (L=
3.5=2). The last may be ignored at 4.028 GeV since
it is very near threshold. Especially detailed cal-
culations were done for the 7%s and ¥'s resulting
from the D* decays, since these particles can be
measured by the Crystal Ball experiment at SPEAR.

Robert Cahn Boris Kayser (NSF)

Fermion Families, Gauge Bosons

The puzzling occurrence of the second and
third families of fundamental fermions has led to the
suggestion that there may be gauge bosons con-
necting these different families. The various rare
processes which would be induced by such bosons
have been studied. These are: K — eu, K — mwep,
uN — eN, g — ey.u — 3e. and the K”, — K% mass
difference. The mixing scheme which generalizes
Cabibbo mixing in such theories has also been
investigated. The most stringent limit on the new
boson masses is obtained from the limit on coherent
muon conversion into an electron. That lower limit
is about 40 TeV. The K’ — K" mass difference sets
another stringent limit, requiring either that the new
bosons be very heavy (hundreds of TeV) or that
there be a near degeneracy which cancels their
contribution to the mass difference.

Robert Cahn H. Harari (Weizmann Inst.

Radiative Decays of Charmed Mesons

The weak decay of charmed mesons was
investigated in two aspects: First. the apparent
anomaly in the decay rates in the Cabibbo sup-
pressed decay processes was observed by the Mark
II Collaboration of LBL-SLAC. The dvnamical
enhancement mechanism was examined in the
standard six-quark gauge model with SU(3) sym-
metry for strong interactions. The mixing angles of
Kobayashi-Maskawa were constrained. Secondlyv.
the large difference in the decav rates of nonleptonic
D" and D' seems to be evidenced by the largely
different simileptonic branching ratios. One-gluon
correction to the W-cxchange diagram was cal-
culated to be no more than a factor of two. A more
intensive study is in progress.

Mahiko Suzuki

Relativistic Sum Rules for
Charmonium Decays

The radiative decays of charmonium states
were examined by the relativistic sum rules with
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dynamical assumptions at high energies. The widths

of the *P; (J =0. 1. 2) are related among themselves
by the sum rule in the simplest approximation. The
work is in the final stage.

Mahiko Suzuki

Asymptotic Freedom and
Charmonium Decays

The asymptotic freedom in the processes that

involve heavy quarks is less precisely formulated.
The strong decays of the charmonium states and
weak decays of the D mesons are studied for the
validity of applying the asymptotic freedom heur-
istically. The work is in progress

Mahiko Suzuki

Heavy Ion Fusion Studies

Research continues on problems in accelerator
theory aimed at developing high-energy heavy-ion
accelerators to serve as igniters for inertial-fusion
pellet targets. The goal of this program is to develop
commercial-scale electric power plants. The work is
carried out in collaboration with members of the
Accelerator and Fusion Research Division. During
1979 attention was focused on the development of a
theory of longitudinal ion dynamics in induction
linear accelerators; the topic is important because
previous experience with induction linacs is entirely

with the acceleration of electrons whose velocity is
essentially that of light throughout acceleration, so
that relative motion of electrons within a bunch
cannot take place. The new degree of freedom
arising in ion acceleration is very useful in that
bunch compression can be performed during accel-
eration. but it also creates new problems, especially
regarding motion of ions near the ends of bunches.

David L. Judd

Non-linear Wave Interactions

Langevin vs. Boltzmann
Relaxation Rates

The investigation of non-linear interactions in
water waves has been continued this year. A
comparison has been made between relaxation rates
derived by Langevin techniques and the more usual
Boltzmann transport equations. It was shown that
the transport rate is a balance between the two types
of Langevin rates. The experimentally measured
energy spectrum of internal waves in the ocean isa
steady state over most of wavenumber space under
these interactions. A simple approximation (in-
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duced diffusion} allows analytical calculation of the
relaxation rates.
Kenneth M. Watson

James Meiss  Neil Pomphrey

Solitons/ Ambient Waves

Langevin techniques have also been used to
compute the decay rates of solitons in the ocean due
to interaction with ambient waves. These rates have
been computed for various models of the ocean.

Kenneth M. Watson Philip Yau
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Wave-Current Interactions

A study of rhe interaction of waves with
currents in in progress. The interaction is especially
important at “critical layers” where the doppler
shifted wave frequency goes to zero.

Kenneth M. Watson Jeffrey Lerner

Validity of Random
Phase Approximation

The induced diffusion model has been used as 4
dynamical model to test the validity of statstical
assumptions such as the random phase hypothesis
(R.P.A.). In some cases it is possible to obtainexact

Statistical

Macroscopic Ordering in Bose Systems

A study 1s being made of macroscopic ordering
in Bose systems of two spatial dimensions to obtain
a better understanding of phase transitions in
systems where the usual broken symmetry me-
chanism is precluded by long range fluctuations.
The path integral representation of the partition
function provides a convenient basis for such
studies. The steepest-descent approximation has
been used to establish the decomposition of the
spectra of the Bose liquid into phonon and vortex
sectors. It is known that the statistical mechanics of
the interacting vortex gas provides for a phase
transition. This serves to establish a microscopic
basis for the Nelson-Kosterlitz theory of two
dimensional superfluidity. Going further. the evolu-
tion equations for the vortices may be established.
Through path integral methods it is found that the
quantum vortex system is a Hamiltonian svstem.
The evolution equations are cquivalent to Kirchoff™s
equations in hvdrodynamics. however the circula-
tion of the vortices is quantized.

solutions to the dynamics which reduce 1o the
R.P.A. results in the weak interaction limit. These
results give the contribution of non--esonant triads
to relaxation rates.

Kenneth M. Watson James Meiss

Non-linear Interaction ¢f Vortices

The non-iinear interaction of point votices ina
2-dimensional fluid is being studied by Hamiltonian
methods. An exact, explicit solution for the three
vortex system has been obtained. Computer studies
of the four vortex system are in progress.

Ned Pomphrey

Mechanics

Plans have been made tostudyvortex structure
in three spatial dimensions. There is particular
interest in the possible existence of spherical vortex
configurations and in the nt.raction betwecn
vortices and elementary excitations.

Harry L Morrson

“Hardcore™ Potentials in
Statistical Mechanics

Existing formulations of quantum cortections
for thermodynamics are restnicted to systems with
analytic interaction potentals,

The objectives of the current research are (a)to
develop the classical staustical mechanics for
systems 1n which the interaction potential of the
constituent particles is a hardcore tyvpe potential by
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use of a velocity-dependent potential formulation.
(b) to extend the formulation of quantum correc-
tions for thermodynamics to include hardcore type
potentials, and (c) to make explicit calculations of
quantum corrections for thermodynamics for speci-
fic systems by assuming that the actual two-body
interaction between constituent particles has a
velocity-dependent part.

Charlie Harper

PUBLICATIONS

Dual Transformations: An Equivalence hetween the Con-
tnuum and lLattice Versions of the Two-Dimensional
Abelian Higgs Model. K. Bardakci and E. Rabinovici,
Phys. Rev. D20. 1360 (1979). 1.B1.-9313.

A Test of [ntegral and Fractional Charge Quark Models, M.
Chanowits, accepted for publication in Phys, Rev. Lett.;
[.B1.-9639.

The Axial Current in Dimensional Regularization, M. Chano-
witz, M. Furman and 1. Hinchhitfe. Nucl. Phys. B159. 225
(1979). |.BL.-8855.

Higgs Particle Production by & — H, M. Chanowitz. R. Cahn
and N Flesshon, Phys, Lett, 82B. 113 (1979): 1.B1.-8495.

Weak Interactions of Ulira Heavy Fermions 11, M. Chanowitz,
M. Furman and I. Hinchliffe, Nucl. Phys. R153, 402
(1979, LBL-8270.

Topological Bootstrap Theory, G. F. Chew and V. Poenaru,
submitted for publication in Nucl. Phys. B; LBL-9768.

Topological Quark-Gluon Structure of Elementary Hadrons
hevond Mesons and Baryons, G. F. Chew. B. Nicolescu,
J. Uschersohn. et al. CERN preprint. Feb. 1979,

Booistrapping Quarks and Gluons, G. F. Chew, Proc. XIV
Annual Rencontre de Moriond, Savoie. March 11-23,
1979: LBL-9015.

Topological Colour and Disc Mating Unitarity as the Source of
Zero Triality, G. F. Chew, CERN preprint. Jan. 1979,

Vector Current Scattering in Two-Dimensional QCD. N.
Fleishon. Nucl. Phys. BIS1. 261 (1979): [.BL-8116.

Large Carrections to High pr Hadron-Hadron Scattering in
QCD. H Haber. I. Hinchliffe. R. K. Ellis, M. Furman,
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submitied for publication in Nuclear Physics B; LBL-
10304.

The CP*' Model with Unconstrained Variables, H. Haber,
I. Hinchliffe. E. Rabinovici, submitted for publication in
Nucl. Phys. B; LBL-10519.

Unambiguous Field-Strength Formulation and Dual Poten-
tials for Gauge Theories. M. B. Halpern. Phys. Leu. 81B,
245 (1979): 1.BL.-7980.

Charmonium Chi States: Radiative and Hadronic Widths, Spin
of the Gluon, J. D. Jackson. Phys. Lett. 87B. 106 (1979).

New Particles, Theoretical. ). D. Jackson. C. Quigg. J. L.
Rosner, Proc. 19th Int. Coni. High Energy Physics,
Tokyo. 23-31 August 1979, S. Homma. M. Kawaguchi,
H. Mivazawa. eds.. Physical Society of Japan. 1979,
p. 391-408; LBL-7977.

Current Algehra Analysis of CP Violations in K — 3w Decay in
the Six-Quark Weinberg-Salam Model, Ling-Fong Liand
.. Wolfenstein, submitted for publicationin Phys. Rev. D,
1.B1.-9579.

Approximation Scheme for QCD, S. Mandelstam, published in
Phys. Rev. D, April 1979

Review of Recent Result. on QCD and Confinement, S.
Mandelstam. to be published in the Proc. of the Fermilab
Lepton-Photon Symposium in August 1979,

Integrability of Multiple Three Wave Interactions, ). Meiss,
Phys. Rev. A19. 1780 (1979).

Description of Non-linear Internal Wave Interactions Using
Langevin Methods. J. Meiss. N. Pomphrey and K. M.
Watson, accepted for publication in J. Geophys. Res.;
LBL-9312.

Finite Iniegrarion Range for Zero Modes, H. Neubergerand Y.
Dothan. submitted for publication in Physical Review.

Limits on Charm-Changing Neutral Currerts, L. Oliver and
F. Bucella. accepted for publication in Nucl. Phys. B; LBL-
9225.

Constraints on the Weak Isospin of Heavy Quarks from Non-
lLepronic Transitions, 1. Oliver and M. B. Gavela,
submitted for publication in Phys. Lett. B: LBL-8595.

Inverse Method for a Generalized Spin Chain. N. Papani-
colaou. Phys. Lett. 73A, 134 (1979).

Gravitational Duality and Backlund Transformations, N.
Papanicolaou. J. Math. Phys. 20. 2069 (1979).
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Muliilepton Final States a.id the Weak Interactions of the Fifth
Quark, C. Quigg and J. Rosner. Phys. Rev. DI9. 1532
(1979). LBL-7961.

Hadron Masses in Quantum Chromodynamics of the Trans-
verse Lattice, E. Rabinovici, W. A. Bardeen and R. B.
Pearson. Fermilab preprint: LBL-10336.

Numerical Solution of the Helmholiz Equation for Two-
Dimensional Polygonal Regions, R. Riddell. Jr..J. Comp.
Phys. 31, 42 (1979); L.BL-4814.

Boundary Distribution Solution of the Helmholiz Equation for
a Region with Corners, R. Riddell. Ir.. J. Comp. Phys 31,
21 (1979).

The Use of Anticommuting Integrals in Statistical Mechanics
111, S. Samuel. submitted for pubiication in Annals of
Physics: LBL-9347.

Statistical Mechanics and Field Theory, S. Samuel. Ph.D.
thesis; LBL-9168.

The Pseudo-Free 138 Veriex Model, S. Samuel. submutted lor
publication in J. of Phys.: LBIL-§800.

Topological Symmetry Breakdown and Quark Confinement,
S. Samuel. Nucl. Phys. B154, 62 (1979); 1.B1.-8604

The Use of Anticommuting Integrals in Statistical Mechanics
11, S. Samuel, submitted for publication in Annals of
Physics: 1.BL-8300.

The Use of Anticommuting Integrals in Statistical Mechanics I,
S. Samuel, submitted for publication in Annals of Physics;
LBL-8217.

Target Mass Corrections in the QCD Parton Model, J.
Sheiman. submitted for publication in Nucl. Phys. B: 1. BL-
10272.

Micro-Analyticity of the S-Mairix and Related Functions,
H. Stapp. et al. Commun. Math. Phys. 66.95(1979). LBL-
8693.

Whiteheadian Approach 10 Quanium Theory and the Genera-
lized Bell’s Theorem, H. Stapp. Foundations of Physics.
Vol 9. Nos. 1 2, Feb. 1979,

Mathematical Properties of Ordered Amplitude Graphs. J. P.
Sursoch. accepted for publicanon in Nuclear Phasies B:
1.BI -7556.

Final State Gluon Effects in Charnied Meson Decavs. 1)
Suthcrland. n. G. Deshpande and M. Gronau. Fermilab
preprint: L.BI -9860.

Heavy Quark Jets, M. Susuki. Octaber 1979: L.B1.-10094

Compaiibility of Cabibho-Suppressed 13 Decais with Weak-
Interaction Mixing Angles., M. Susuki. Phae Rev et
43 RI8 (1979).

Non-leptonic Decavs of Charmed Mesons and Determination
of Weak Interaction Mixing Angles. M Suzuki. Phys
Lett. 85B. 91 (1979).

Solution of the Unirarity Equarion with (verlapping lLett and
Right Cuts: A Tool for Studyv of the S* and Sinular
Svstems. R. Warnock and P. Johnson. subnutted for

publication n J. Math. Phys.: [LBL-8K33.

Matrix N/ D Method with Absorption and the Unitarity
Problem in Coupled-Channel Regge Theory. R. Warnock.
submitted for publication in Phys. Rev. [): LBL-10196
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Accelerator Theory

Stochastic Cooling

A parucle simulation program was used to
imvestigate the transyverse cooling mechanism under
extreme conditions ot a small number of particlesin
vood and bad mixing situations. for the purpose of
rrovding clues to a proper analvucal treatment of
the process. Among other things, it was shown that
the serambhing of tongitudinal momenta necessarihy
decompanying the tme varving transserse deflec-
nons by the pulsed bending  (kicker) magnet
provides an cifective mising mechanism for small
momentum spread. @ point which had not been
recognized in previous analvses. A theorctical
maodel in which the Viasos formalism was extended
to include two-particle correlations was then de-
veloped to rigorously deseribe the various aspects of
the problem in a consistent way: we believe the
theors ot cooling in the vertical plane 18 now
complete.

Because of the increasing interest in accon-
plishing momentum cooling at an carly date. a
similar technigue was applied to that case. and we
now have a formalism to deseribe momentum
coaling as weill. The nest step will be to compare
theors with the results of the experiments, which
will be underway next vear.

Synchrotrons and Storage Rings

A substantial amount of work has been done
on the design of magnet configurations. both for
[.BI projeetsand in assistance to other laboratories.
In addition to preliminary work on the Variable
Energy Nuclear Synchrotron (VENUS). which
included a study of possible collective instabilities. a
new design fora proton-electron aption to be added
to the Positron Electron Project (PEP) was de-
veloped. Contributions were also made to the
concept of the single-pass. electron-positron col-
lider. which is currently favored as the next step in
an expansion of the accelerator facilities focated at
the Stanford Linear Accelerator Center (SLAC).

In collaboration with other laboratories. a low-
beta (i.e. small beam size) modification ofan FNAL
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doubler straight section was designed for future use
in a p-p colliding beam configuration, as well as a
precooler-accumulator ring for collecting anti-
protons. A small electron storage ring, designed for
possible use at both FNAL and CERN. was
developed by the Accelerator Theory group. for the
purpose of cooling high energy protonsand or anti-
protons in a colliding beam storage mode.

Finally. one staff member spent three months
at the University of Tokyo to provide them with our
computational programs and assist in refinements
of the design of the proposed 4.5 GeV nucleon
heavy 1on svnchrotron (NUMATRON).

Accelerator Theory Group

J Bisognano L J Lasiett
A A Garren L Smuth
PUBLICATIONS

letter to Dro A Ruggiero (FNAL) concerning the weighting
function employed in s compurations, 1. J. Laslett.
BECON-6, March 1979

Stochastic Cooling, L. Smith, tnvited paper at APS Washing-
ton Meeting, April 1979.

Hlustrative material of talks given to the Division Review
Committee, L. I. Laslett. BECON-7. Apnl 1979

High Energy Electron Cooling to Improve the Luminosity and
Lifetime in Colliding Beam Machines, D. Cline. A.
Garren, H. Herr, F. Mills, C. Rubbia. A. Ruggicro and
D. Young. 1EEE Proc. Nucl. Sei. Vol. N§-26, No. 3. June
1979, p. 3472

A Superconducting Proton Storage Ring for PEP. A. Garren,
E. Molishever. J. Peterson and R. Sah. IEEE Prod. Nucl.
Sci. Vol NS-26, no. 3. June 1979, p. 3261

A Sextupole Magnet Correction System for TARN, A Garren
and A, Noda. INS-NUMA-I4, August 1979,

The Fernulab Hieh Intensity Anti- Proton Source. design
report. Al Garren, October 1979,

Trarmsverse Stochestic Cooling. . Bisognano. BECON-9.
October 1979,

Lertical Transverse Stochastic Cooling. ). Bisognano, BE-
CON-10 (1.BID-119). October 1979.

Kinetic Equations for Longitudinal Siochastic Cooling, ).
Bisognano, BECON-11 (1. BID-140). October 1979,

A4 Transmission Line Model for the Transverse Pick-up
Electrode, 1. Smith. BECON-13. Decembuer 1979,



Ill. COMPUTER SCIENCE and
APPLIED MATHEMATICS



Computer graphics capabilities in both hardware and software are expanding significantly. Research, development, and applica-
tions of graphics at LBL during the year made important contributions in several areas of work. In this photo are (foreground)
Albert Yen, left, and Bill Johnston; (background) Bill Benson, left, and lvy Kuo. CBB 795-7624



[1l. COMPUTER SCIENCE and
APPLIED MATHEMATICS

The Computer Science and Applied Mathe-
matics (CSAM) Department conducts basic and
applied research in a variety of computer science
and mathematics disciplines. In addition. CSAM
staff collaborate with or provide applications
support to other research and support groups in
almost cvery division of the laboratory.

The CSAM staff is comprised of over 80
computer scientists, mathematicians. enginecers.
physicists. computer technicians, and adminis-
trative personnel. UC Berkeley facuity. post doc-
toral appointees and graduate students are included

in the staff. adding to an environment supportive of
the exchange of ideas and experiences. CSAM
sponsors workshops. colloquia and seminars and
provides supervision of graduate students in the
master’s and doctoral programs in applied mathe-
matics and computer science at UCB.

Recearch, development and demonstration
areas in 1979 included SEEDIS and component
database projects. advanced computer system de-
velopment. data management research. applied
mathematics and computational modeling. and
computer graphics.

RESEARCH

Applied Mathematics

Applied Analysis

Work in applied analysis centers on three areas:
Sampling and Probabilistic Methods: Capillarity
Phenomena; and Image Reconstruction From
Projections.

Sampling and Probabilistic Methods -- The first
area is in the development of numerical techniques
for obtaining solutions that are discontinuous or
nearly discontinuous for hyperbolic and parabolic

partial differential equations. Such solutions occur
very often in applications: however, the usual tools
of numerical analysis often depend on smoothness
assumptions that are not realized in these cases. The
numerical techniques being developed are bascd on
sampling rather than averaging and make use of
“dictionaries™ of known phenomena as building
blocks of probabilistic numerical schemes. These
technigues are proving to be successful in a number
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of phyvsical applications, including turbulence theo-
rv. multiphase flow through a porous medium. and
combustion theory.

During 1979, a method has been developed for
tollowing flame fronts based on Huyghens prin-
ciple aad has been used to analyse the velocity
ol wiinkled flames on the Taylor microscale in a
turbulent flow.

The existence of travelling wave solutions in a
model of slow combustion has been proved. It also
has been proved that arbitrary initial data vield
solutions that converge exponentially to a sum of
such waves. These facts have been used to extend
Ghmm's method to the parabolic equations that
deseribe combustion in the diffusion limit.

A version of Glimm's method has been de-
veloped that can solve efficiendy the problem of gas
tflow i aduct of variable cross section. Other studies
of Glimm’s method include an investigation of error
erowth. and applications to reacting gas flows.

Detailed chemical kinetics have been success-
fullv incorporated into the present models of
combusting gas tlow. New Ordinary Differential
Equation (ODE) solvers written for the specific
purpose of being used in these calculations have
been developed. and calculations have been ex-
tended to several space dimensions through the use
of the method based on Huyghens' principle.

Capillarity Phenomena — The second area is the
analysis of the nonlincar elliptic partial differential
equations arising in the study of capillary free-
surfaces. Here the work is concerned with questions
of the existence. stability, and qualitative behavior
of solutions of these equations. particularly as such
questions relate to areas of physical, biological. and
engineering sciences in which capillarity plays a
significant role. This work has led in a rigorous
manner to new results concerning the possible
configuration of liquids that are freely suspended or
that are confined to a space that they partially fill.

New analytic estimates for the shape of pendent
liquid drops were obtained. and the most gencral
such shape characterized. The trapezoid phenom-
enon for discontinuous behavior of free-surfaces as
4 funcuion of boundary shape was analyzed further.

60

Formulation was begun of possible physical ex-
periments to study the difference, revealed by
mathematical analysis, between the trapezoid and
wedge phenomena.

Image Reconstruction From Projections The
third area of investigation in applied analysis is the
reconstruction of images of objects from projection
data of their transverse sections. The work is
directed towards developing “optimal™ numerical
schemes as well as understanding the mathematical
constraints on different forms of tomography.
Special emphasis is placed on the effects of hmiting
the number or range of the directions defining the
projections. This work is applicable to X-ray and
emission tomographies, transmission electron mi-
croscopy. nondestructive testing, and the emerging
area of nuclear magnetic resonance (NMR) recon-
struction. New reconstruction algorithmis for *lim-
ited angle™ X-ray tomography have bt e+ tovised
and tested successfully. Work has been st..ited on
cxtending these codes to the three-dimensional case
with a view towards specific applications to NMR
reconstruction. Extensive testing of new recon-
struction algorithms for a number of noninvasive
detection problems including computerized X-ray
and NMR tomography has been conducted.

Computational Mathematics

Research in computational mathematics em-
phasizes the development of mathematical. numer-
ical. and statistical methods related to the study of
energy processes. typically in cases requiring the
solution of ordinarv and partial differential equa-
tions. The topics of primaryv interest are the
development of methods for the numerical solution
of elliptic partial differential equations and of
algorithms for array processors. The development
of fast-direct methods and the coupling of them. and
of other methods, with the conjugate gradient
method have made possible the solution of prob-
lems that would otherwise not have been feasible
within normal limitations on computing require-
ments. Furthermore, the reliability and ease of use
of such methods make them generally attractive.
These and related methods are being developed for
the iterative solution of elliptic equations that are
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nonlinear or have discontinuous coefficients.

An updating technique has been developed for
quasi-Newton methods for solving highly struc-
tured systems of nonlinear equations. such as those
arising from the discretization of an elliptic partial
differential equation. Such a technique permits the
imposition of general matrix structures suitable for
efficient and rapid convergence of iterative schemes.
Work was initiated on extending the previously
developed updating technigue for gquasi-Newton
methods to solving sequences of elliptic equations
with discontinuous coefficients arising from time
dependent problems with moving fronts.

Numerical Methods for Partial
Differential Equations

In these studies computational techniques are
being developed for analyzing turbulent combus-
tion phenomena, such as those that occur in an
internal co: “ustion engine and multiphase po-
rous flow ph: 1omena such as those that occur in
petroleum or geothermal reservoirs. The goal is the
construction of realistic models that are suitable for

comparison with experiments and are capable of

being used for engineering purposes. The specific
features of the methods that are being developed are
(1) the use of sampling and random choice
procedures and (2) the use of “dictionaries™ of
known phenomena as building blocks in the
numerical schemes. These features allow resolution
of the major difficulties that have prevented
application of preferred numerical techniques to
studies of physical combustion phenomena and of
porous flow phenomena in which there are sharp
fronts. These methods. unlike others, have little or
no numerical diffusion (and thus no cell Revnolds
number restrictions). i.e.. thev can deal realistically
with high-Revnolds-number fluid flow. Because the
methods are based on sampling rather than aver-
aging they can take into account the effect of
organized structures (coherent eddies) in a flow.
This feature is very important for combustion
models because chemical phenomena are greatly
affected. even determined. by the cxistence of
coherent eddies and will not be reasonably re-
produced if such eddies are not taken into account.

Combustion — The main advances this year have
been the following: A method based on Huyghens’
principle has been used to implement a flame model
in which the dynamical effects of a flame are
represented by a distributed surface (or line) source
of specific volume. The resulting computational
algorithm is stable. simple. inexpensive. and real-
istic. Vortex models of turbulent flow have been
developed further and cxtended to the three-
dimensional case. The Piecewise Sampling Method
was applied to additional studies of flow fields
generated by accelerating flames.

Numerical methods for solving the systems of
stiff ordinary differential equations arising in the
chemical kinetics of reacting gas flow have been
studied. Several techniques for improving existing
state-of-the-art methods have been developed that
result in up to 50 improvement in computational
efficiency for simulation of reahstically detailed
models of chemical kinetics and flame propagation.
The resulting software has been used successfully
for a parametric studyv of the ignition of a methane-
air mixture, demonstrating the validity of a greatly
simplified model of the chenmical kineties,

As an application. our technigues have been
applicd to flow in a combustion tunnel where the
flame is stabilized by a back-facing step. Numerical
solutions for both non-reacting and reacting flow
have been obtained: they reproduce quite satistac-
torily the essential features of turbulent combustion
in a lean propane-air mixture as observed in the
laboratory by means of high speed schlieren
cinematography.

Technical advice and computer programs have
been provided to researchers in combustion and
turbulence at the combustion facility at SANDIA,
to the Autolab of the University of Michigan. to the
combustion groups at Princeton and NYU. to the
theory groups at Volvo, and elsewhere.

Flow In Porous Media Work continued on
extending the Piecewise Sampling Method to solve
the Buckley-Leverett equation for the general two-
dimensional case by means of fractional splitting,
including the effects of capillary pressure and non-
uniform velocity. It was found that the method is
computationally efficient for solving a numerical
cxample of the five-spot configuration for the water
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flooding of a petroleum reservoir and that it givesan
accurate estimate of the time of breakthrough of the
water front into the producing well. In numerical
experiments. the van der Corput equidistributed

sampling procedure has been compared with a
procedure containing a random element and the
former sampling found generally to give more
satisfactory results.

Information Analysis Techniques

The area of Information Analysis Techniques
(IAT) serves as a general umbrella for combining
the results of related research areas focusing on the
end user’s perception of the computer as an
analytical tool. Some of the related research areas
are: statistical analysis of large data sets, data
management techniques, distributed systems tech-
niques, computer graphics techniques, and human-
machine interfaces.

These research efforts contribute to the de-
velopment of techniques that will provide the
capability of retrieving. integrating, analyzing. and
displaying information. Areas covered by IAT
include studies of methodologies used in socio-
economic and environmental impacts, energy policy
analysis, physics and biophysics data analysis,
management information and program planning,.

Research in data management at LBL is
directed toward development of data models, data
compression and fast search techniques, and data
structures appropriate for statistical analysis of
large data sets. Research is beginning in the
development of archival mass storage systems
capable of supporting information analysis and
display techniques for very large data bases.

At LBL, the Socio-Economic Environmental
Demographic Information System (SEEDIS) un-
der development provides a framework and testbed
for implementation and evaluation of information
analysis techniques. At Pacific Northwest Labora-
tories (PNL), the Analysis of Large Data Sets
(ALDS) project forms the basis for the development
of statistical tools. At George Washington Uni-
versity (GWU), an effort is underway to develop the
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ANSI graphics standards and to investigate user
interface techniques associated with SEEDIS. Re-
search Computing facilities at these three sites
(LBL. PNL. and GWU) are linked via a computer
network connecting VAX 11780 computers and
RAMTEK 9400 color display terminals. This
network, managed and implemented by LBL. will
provide for easy sharing of ideas and software
among researchers in this area.

Data Management

The purpose of the data management research
program is to develop tools and techniques tailored
for applications relevant to the DOE mission. An
important consideration is in the efficient handling
of large amounts of data and the ability of users who
are non-programmers to interface with it. Envi-
ronmental. demographic, energy use and pro-
duction data are typical examples of large, geo-
graphically oriented data bases important to DOE.
Other sources of large data bases are statistical data
bases that are the results of lengthy experiments,
such as measurement of the efiect of radiation on
animals.

Data management research concentrated in
two main areas over the last year. One is the area of
efficient data storage and access. After studying the
characteristics of the data typical to DOE needs.
special access techniques were developed that
provide a high degree of data compression, yet
permit efficient access of the data.

The second area is user interfaces. Two efforts
were involved. One is the development of a data
dictionary/directory system that directs a user to
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the data he needs and lets him specify selection
requirements. This system was implemented on
SEEDIS. The other effort involved the design of a
query language based on a semantically rich data
model. Work was also performed to enhance the
data model with clearer semantic constructs that
more accurately represent statistical data bases.

A critical facet of data management research is
the integration of mass storage technology. We have
investigated numerous possibilities for mass storage
devices and concentrated on the promising tech-
nology of optical disks. Currently, there are very few
companies developing this technology, and we are
in contact with these developers for possible
acquisition of a prototype device. Work was started
to define the software support needs for such a
device.

Efficient Data Storage and Access — Many data
bases in the DOE environment have characteristics
which require special techniques for their efficient
handling. One typical characteristic is that they tend
to contain a large amount of repeating data. For
example, a data base on disease statistics, organized
by counties. by age, by sex, and by race, would repeat
each item for all possible combinations of the other
three items. A similar situation occurs in data bases
collected as a result of experiments, where at each
stage some parameter changes while the others stay
the same. We refer to such data bases as “summary
data.” Another common characteristic of summary
data is that it contains a large number of special
values, such as null (empty) values, zeros, or
specially selected values to represent a special
meaning.

The compression of data often results in
inefficient access because the data has to be
decompressed or searched sequentially to locate
each data element. Techniques were developed to
allow an efficient access of the compressed data. The
problem of data repetition is handled by applying
array linearization techniques to value sets (e.g.. all
counties, all races) stored in a dictionary. This
technique reduces storage requirements (a savings
of up to 80-90%) while access to the data can be
accomplished with a simple computation. For the
purpose of compressing the “special values™ out of
the data. a technique was developed which employs
a header describing the distribution of the “special

values™ in the database. This technique avoids the
need to sequentially access the compressed data.
Storage savings depend on the frequency of special
values. but often amount to 50—70%. In addition,
the above techniques were combined to handle more
general cases.

Prototype implementation of these techniques
will soon commence. The purpose of the prototype
1s to verify the results with example data bases.

Data Dictionary| Directory for Summary Data —
Another aspect of summary data is that multiple
summaries of the original (very large) database are
generated and stored for more efficient use. For
example, county level data may be summarized to
the state level, and stored for future use. In practice,
hundreds and sometimes thousands of such sum-
maries are generated, a problem that requires
special attention. There 1s a proliferation of data
element names and much duplication of data. An
additional problem is in determining the availability
of data elements for a given geographic level, or
availability for a given subject.

The above problem was handled in two ways:
first an efficient method for representing the
information in summary sets has been developed.
This method uses a common dictionary for all data
sets so that data duplication is eliminated. For
example, descriptors for U.S. counties are stored
once, but used for multiple data sets. Secondly a
generic structure was built to describe the data sets
in a hierarchical manner. The result is a system that
lets users browse through the directory in a menu-
driven fashion (obviating the neced to remember
data element names), express selection of desired
items, or search for the existence of data sets froma
set of keywords. This system has been incorporated
into the SEEDIS project on an experimental basis,
and has been shown to be of great help to users.

Simplified Query Language — It is typical of many
user interfaces that in order to express a query
involving elements from more than one file, a
complex construct (called “join™) had to be used in
the query language. To avoid this difficulty and to
provide a more meaningful data modelto the user, a
model called the “entity-relationship™ (E-R) model
was selected, and a query language called “CABLE™
developed for it. Over the last year the language has
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been redesigned to be more general and powerful.
The query language lets the user express implicit
connections between files through a path mech-
anism. thus avoiding the “join™ construct whenever
posstble.

Enhancement to the E-R Model — As a result of
examining multiple examples with the E-R model, it
was concluded that the model should be enhanced
to include two special entity types — a “subset”
entity and a “summary” entity. The subset entity
type is particularly useful in describing “generic”
data bases, where several subsets of the data share
common propeitics. An example was provided in
the implementation of a proposal tracking system
where a proposal can be in different stages, each
stage having its own distinct data requirements. For
example, proposals in the review stage are linked to
information on reviewers. The summary entity is
designed for the description of summary data bases.
Its purpose is to obviate the need for specifying an
aggregate operation (such as sum or average) in the
query language when this information can be
inferred from the data description. For example a
user can ask for the population of a state without
needing to specify it as a total of populations of all
counties.

A version of the query language CABLE,
called STRAND, was implemented and interfaced
to the INGRES data management system and made
available for use with the proposal tracking ex-
ample.

Mass Storage — An informal evaluation of mass
storage devices was carried out. We discussed our
requirements with a number of potential vendors.
The most promising devices are based on optical
disk recording technology, originally developed for
video recording. Recording is done by laser ma-
chining of micro-sized pits in a thin metal film which
has been deposited on a plastic or glass disk. Each
disk has a capacity of a few billion bytes of data.

Display and Analysis Systems
In an effort to foster cooperation and com-

munication among the agencies and organizations
working toward the development of information
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analysis techniques, a new project related to LBL’s
Socio-Economic Environmental Demographic In-
formation System (SEEDIS) was begun. Visiting
scientists from LBL and LASL spent the academic
year at George Washington University in colla-
boration on the development of user interfaces,
graphics, networks, and data management tech-
niques. Specific research conducted cooperatively
by GWU and LBL has concentrated on the
implementation of the ANSI graphics standards
(which is based on the SIGGRAPH GSPC effort).
user interfaces, graphics design methodology, and
networking techniques for distributed data bases.

The analysis and display of summary data
entails many problems in the representation of the
accuracy (or uncertainty) in the data. Traditional
techniques, such as thematic mapping, tend to
mislead the observer into assigning too rigorous a
meaning to statistically uncertain data. This re-
search project has attacked these problems by
investigating color perception and specification,
alternative data categorization techniques (“bin-
ning” methods), and graphics design principles.
Significant progress in developing new techniques
for display and analysis of data was made in the area
of “fuzzy™ set theory applied to graphics display and
in data categorization applied to thematic mapping.
These advanced techniques provide a powerful new
capability to represent information in a more
rigorons and unambiguous manner than formerly
available in similar systems. This work was the
result of collaboration with experts in fuzzy set
theory at UC Berkeley, and with graphic designers.

Activities in graphics standards have concen-
trated on the development and identification of
those areas of computer graphics suitable for
standardization. These ideas are input to the ANSI
graphics standards effort (ANSI X3H3 “Computer
Graphics Programming Language”™). Areas of re-
search include:

@ the design of a standard interface to device
dependent drivers;

@ specification of graphic techniques for storage
tube terminals, including the treatment of
default screen areas, unescorted text, and the
classification and treatment of cross hair and
other inputs;
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@ implementation strategies for raster scan ter-
minals;

@ proposed color look-up table strategies as they
apply to changeable vs non-changeable color
look-up tables and related transformations (an
example of a device with a changeable look-up
table is the Ramtek 9400 color display system;
the Dicomed color COM is an example of a
device with a non-changeable look-up table);

@ cxtensions to the standard to handle “after-the-
fact” changes in color via changes in the look-
up tables;

@ the definition of a common terminology and
methodology to be used by application pro-
grams to describe hue, saturation. and intensity

or to specify red, green, blue components for a
specific device. Transformation between these
two specifications will be allowed.

A working document has been prepared de-
scribing the Device-Independent/ Device-Depend-
ent (D1/DD) interface specifications. Our past
experience with a storage tube terminals is in-
corporated in work in progress on drivers for
these devices. A preliminary implementation
strategy for raster scan terminals has been
developed. This strategy supports characters, lines,
area filling, and after the fact changes in the color
look-up tables, and allows both kinds of color
description with transformations between them
based on color perception. Further investigation on
changeable vs non-changeable color look-up tables
will be needed.
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Computer Graphics

Work in  computer graphics included
development of graphics algoritbms and software,
evaluation of computer graphics hardware, image
analysis and vision research.

The Integrated Data Display System (IDDS) s
a general scientific graphics package widely used at
LBL. Areas of investigation included generalized
coordinate transformation techniques, contouring
of sparse data, three dimensional viewing
transformation problems, command structures for
software generated text (as used in plot annotation),
and the autometic determination of fiducial or
calibration points for the coordinate domains of a
plot. In particular, the generalized coordinate
transformation concept is intended to allow all
types of plotting to be done through complex,
nonlinear transformations. for example map
projections.

GRAFPAC is the low-level, device-
independent graphics driver system developed at
LBL. Work was done on GRAFPAC in theareas of
investigating and implementing user interfaces to
color and raster scan devices. Research in device-
independent graphics had lead to an active involve-
ment with computer graphics standardization; in
pariicular, LBL is represented on the ANSI1 Com-
mittee, X3H3 — Computer Graphics Programming
Languages. Research on a general DI/ DD interface
(the communication between device independent
graphics software and device dependent drivers)
had been undertaken in conjunction with George
Washington University.

Research in the area of vision explores the
connections between computer and human vision.
The areas of d‘rect relevance to computer graphics
involve the study of color space transformation,
uniform perceptual color spaces and human visual
characteristics in relation to the design of improved
display algorithms. Research on border locking of
luminance gaps (a phenomenon related to antiahas-
ing algorithms) is an cngoing project.

Work in image processing focuses on attempts
to use remote sensed imagery to study earthquake
prone geographic areas; and on biomedical
applications including three-dimensional display of
a beating heart, reconstructed from X-ray data. In
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conjunction with the latter, work on color displays
of smoothly shaded, three-dimensional objects were
developed.

Technical specifications and initial software
design issues were developed fora high quality color
information display system suitable for rapid
display of color coded thematic maps and charts.
This is directed toward enhancing the hardware
resources supporting the SEEDIS project. Other
SEEDIS support work included further
development of CHART, a program for interactive
analysis and graphical display of tabular data; of
MAPEDIT, a program for manipulation of
geographic files; and of CARTE, a program for the
interactive design and display of thematic maps.

A new direction in research connected with the
development of CHART is that of characterizing
data “verbally.” Linguistic expressions composed of
dimensional terms such as high, medium, low, near;
connectives such as and, or, but, not; and modifiers
such as slightly and very, can be formulated
interactively to exprsss relationships among one or
more data variables. Using quantitative techniques
based on fuzzy set theory, linguistic expressions can
be evaluated in terms of the degree to which the data
fit. A shaded display shows where and how well the
data fit the description.

Researchers in the area of computer graphics
serve as a resource available to computer users
throughout the laboratory and actively participate
in the following:

® DOE Computer Graphics Forum — Hosted at
LBL in 1979;

® ANSI — X3H3 — Technical Committee for
Computer Graphics Programming Languages:

® ACM,;SIGGRAPH 79 — several papers were
presented and a panel was chaired:

® Optical Society of America Meeting;
® COMTECH, presentation on color perception:

® Image Processing. Human Vision and

Computer Graphics Seminars.
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Twenty planar C-T scans of a dog’s heart, such as the two shown, are cc
gram to yield the three-dimensionalimage. This technique is being studied by researchers as an aid to
visualizing internal structures.Top: CBB 808-9263 — Bottom: left, XBB 808-9213; right, XBB 808-9214
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Distributed Systems

Software Engineering

Software Engineering research at LBL
addresses the wide variation in commercial program
development environments. These range in quality
from bad to mediocre, with almost nothing in
common ciossing vendor boundaries. As a result,
collaboration is difficult within the AMS research
community. and development of portable software
15 inhibited. FORTRAN language development and
standards activities are also supported.

Software Engineering Research — Research
focused on the question of what constitutes a good
user interface to a program development system.
Results indicated that the methodology most likely
to evolve is a set of conditions describing what
constitutes a poor user interface, rather than clear
cut maxims for generating good interfaces. For
example, stringently columnar input formats are
poor since they produce user fatigue and frustra-
tion. However, a best form for data entry cannot be
specified generally since it depends strongly on both
the user and the problem.

Software Tvols - The “Software Tools™ investi-
gation demonstrared that a well designed program
development environment can significantly reduce
programming effort and increase collaboration by
providing a standardized environment across ven-
dor boundaries. Experimentation with new tools
and primitive operating system functions resulted in
specification of a virtual operating system (VOS).
This provides a unitorm view of system resources on
a variety of existing systems. and is expected to form
the basis for a network operating system (NOS).
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Availability of a standardized environment ona
number of systems accentuated the need for a
portable hierarchical file system. Such a system
allows users t~ arrange files into directories of
related items, significantly reducing the effort of
organizing and retrieving data. This is essential for
ensuring a uniform view of files when working in a
network environment. Initial measurements indi-
cated that 13%¢-309 of user commands involved
manipulations of the file hierarchy. An experi-
mental hierarchical system was implemented. and
directory primitives wcere isolated for a futur:
nortable system. The prototype system was suffici-
ently popular to warrant research into a more
powerful version — one that could be easily ported
and expanded to function in a network environment.

The software tools were modified to output
statistics on command usage for user sessions at
LBL. Preliminary results indicated that 87% of user
requests were to the portable environment. Only
13% of the commands related to the native system.
Further analysis was expected to yield a modified
interface that would maximize ease of learning and
ease of use while minimizing the likelihood of
errors.

Portable performance measurement tools were
designed and implemented. Thesr easure the CPU
time and elapsed clock tim for executing
programs and program segments, This allows pro--
grammers to isolate “hot spots™ for subsequent
optimization. It also allows determination of
software efficiency on more thar one system, an
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important requirement for
distributed applications.

creating optimal

Examination of the problems involved in
maintaining and distrnibuting portable software
established the need for a portable source code
maintenance tool. A survey of existing software
resulted in the location of a tool which would meet
the requirements. Development of a public-domain
version of a similar system will follow.

The feasibility of translating the software tools
programming language (RATFOR) into languages
other than FORTRAN was investigated. Pre-
liminary results indicated that significant improyve-
ments in CPU load and reduction in code size could
be obtained through mechanical translations. In-
dividuals at other sites who have already begun. or
are interested in. such translations were located. und
an informal collaboration was established. The
development of new translators will be coordinated

by the Software Tools Users Group.

Technulog: Transfer A Software Tools Users
Group was formed to enhance communications and
broaden responsibility  for turther design.
developrnent and distribution of the package. A
newsletter was circulated to a mailing list of 250.
The first meeting was held in Torontoin June, 1979,
with over 100 people attending. Attention at the
meeting focused on status reports from the various
sites., methods for coordinating development
efforts. and formation of a clearing-house for
additions and modifications to the base system.
Special interest groups were formed in the arcas of
RATFOR (preprocessor) extensions. text editing,
text formatting. and networks. Distribution of the
software tools package began. Project personncl
assisted in the implementation of the package at
several DOE sites. Supperting tapes. documenta-
tion and verbal assistance were made available to
many other instaliations world-wide.

LBL staff wvisited ANL. PNL. George
Washington University, and New York University,
presenting lectures and course material on the
philosophy and use of the software tools package.
Identification of potential areas of collaboration

and cooperation on projects of mutual interest were
also discussed.

Participation cantinued in the DOE-wide
working group on user interface methodology.
created to discuss the research aspects of interface
design. Communication was maintained on a daily
busis through the PLANET computer teleconfer-
CACING system.

Fortran Development and Standards — In October
of 1976, the Advanced Computing Committee was
formed by the Office of ADP Management (DOE),
to provide a forum for the exchange of information
regarding advanced computing environments. This
committee chartered a Language Working Group to
identify common language needs at sites where high
performance computers were in use. During 1978
and 1979 this  group identified  functional
requirements  for cextensions to the  lortran
computing language. These requirements were the
basis for an extended Fortran language. the design
of which will be presented for review at other DOE
sites during 1980.

One important feature of this set of Fortran
language extensions v the emphasis on array
processing. Applications that deal with large arrays
of data can achieve improved performance through
the use of such extensions. whether or not special
array-oriented hardware is emploved. Compilers
will be able to exploit the higher-level algorithm
description specified by the array syntax. rather
than deducing array operations by analysis of
tower-level description of the problem.

Array processing is one of the features also
under active consideration lor tuture standardiza-
tion by the American National Standards Technical
Committee on Fortran (ANSE X3J3). Sinee pub-
lication of the most recent Fortran standard in 1978,
this committee has been engaged in the design and
specification of an advanced Fortran language.
intended to provide needed modern features while
maintaining compatibility with tormer versions of
Fortran., CSAM personnet have continued active
participation in ANSI X313 activities. including
sciving as secretary te the committee.
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Networking

Distributed Systems research at LBL focuses
on the software and hardware issues relevant to the
interconnection of heterogeneous computer systems
via computer networks. Interconnection is
necessary to promote resource sharing among the
various DOE sites. The LBL efforts in distributed
systems fall into three general categories.

Portability and Transparency [ssues — This
category involves the design and development of a
logical model of computer networks which is
realistically implementable on a majority of the
traditional computer systems found in the DOE
research community. The major purpose of the
model is to promote a uniform view of the collective
resources available on the network, such that user
applications may exploit the shared resources of the
network.

To facilitate resource sharing within
heterogeneous networks, the primitives of the
virtual operating system. described above, were
extended to support network access to a resource in
the network once the user specified its location via
an extended name. The extension of the primitives
has the effect of transforming all of the standard
softwarc tools utilities into network utilities. An
implementation of these extensions and capabilities
was performed and tested in a pair of homogeneous
systems connected via a vendor-supplied network.
While not testing the validity of the hypothesis that
the VOS facilitates resource sharing in a hetero-
geneous environment, the increased functionality
and utility of such an implementation over the
vendor-suprlied utilities was encouraging. A pre-
liminary report of this work was presented at the
Georgia Technical Institute Interprocess Commun-
ication Workshop in November 1978.

System Interconnection Techniques — This general
area concerns hardware and low-level software
issues in the actual interconnection of two or more
machines. Significant variables in such considera-
tions include: required bandwidth, type of carrier,
protocols necessary to provide network services,
and impact of network load on host processing
power.

The connection of the DEC PDP-11/70
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running UNIX as a host on the ARPANET was
completed. In addition, a simplistic DECNET link

between the PDP-11,70 and VAX [1;780 was
established.

Collaboration and support for the local
network between UNIX machines at UC Berkeley
continued. Major portions of the software had been
designed and implemented on a single machine, as
well as software tested.

The Fourth Berkeley Conference on
Distributed Data Management and Computer
Networks was sponsored in August 1979. The best
data management papers were published in IEEE
Transactions on Software Engineering, and the best
network papers were published in Computer
Networks. A total of 35 papers was submitted, of
which 21 were published in the proceedings.

Automatic File Migration — The automatic file
migration research is concerned with the automatic
management of file migration between levels of a
storage hierarchy, e.g.. between disk and tape, or
between sites on a computer network. The goalis to
relieve the programmer of the need to explicitly
control the location of files, by providing the
illusion of a single level file store. The plan of
research is to collect measurements (traces of file
systern activity) and use that data for both
experimental and theoretical studies of file
migration and related problems.

Efforts to obtain file traces and reduce them to
useful form continued. One new raw trace (2
months) was obtained from NASA Johnson Space
Flight Center. One short (2 week) trace obtained
earlier (from SLAC) was reduced and statistical
characterization studies begun. The studies showed
that shared user files (the primary candidates for file
migration on networks) accounted forabout 109 of
file opens.

Work on a linear programming model of file
systein activity continued. This model isintended to
incorporate the effects of fixed size caches, and time
dependent file system activity, The choice of a
highly aggregated, discrete time. deterministic,
linearized model was made for the sake of
tractability. Even so, a large LP (Linear
Programming) problem results. However, this
appears amendable to decomposition.
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PROJECTS

The Socio-Economic Environmental
Demographic Information System (SEEDIS)

The Socio-Economic-Environmental-
Demographic Information System {SEEDIS) con-
sists of sophisticated analytical and information
display capabilities and a very large integrated
database. The objective of the SEEDIS program is
to establish a coherent, comprehensive, computer
based information system for energy policy anal-
vsis. environmental impact studies, and other socio-
economic analyvsis applications. Ongoing etfort
includes research. development and demonstration
of data retrieval. analysis and display programs: the
integration of new data sources. and the inves-
tigation and implementation of distributed infor-
mation and networking techniques.

The system currently contains a vanety of
databases -

e socio-economic data. including portions of the
1970 Census of Population and Housing;

e the 1976 Survey of Income and Education;

® Current Population Surveys and econometric
models projecting population and employment
patterns;

edata describing lind use:

e industrial and business patterns. for example
the 1947-1977 City-County data books and

Censuses of Agriculture:

e environmental quality data including air quali-
ty measurements from EPA and state agencics;

eenergy production and consumption statistics
and projections from the Brookhaven Ener-
getics Atlas and the Federal Energy Regulatory
Commissions Generating Unit Reference File:

ehcalth effects data including mortahty rates
and cancer incidence: and

sgcographic base files.

VAX Implementation

During 1979 major components of the SEEDIS
system were implemented on DEC VAX-11 7X0
computers. a major step in the investigation of
distributed information technology. This included
the user interface and the modules for geographic
arca sclection. data selection. data cxtraction. and
display. The installation of SEEDIS on the experi-
mental network provided the anticipated benefits of
improved respanse time, ease of usc. and greater
flexibility. This improved response time allows the
planner or analyst to quickly produce the necessary
reports and graphs. to perform in-depth analyvsis,
and to refine the presentation until the desired
results arc obtained.

The major components of SEEDIS which were
converted to DEC's VMS operating system were:

a) The SEEDIS Monitor: The user-oriented
Monitor allows the user to gain access to
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An interactive map design session on a Tektronix 4027 color
terminal having eight selectable colors. It is connected to a
Xerox 6500 color graphics printer through a laser control unit.

CBB 806-7471
The Tektronix 4016 is a large-screen, high-resolution storage-
tube terminal used for preparation and display of black and
white computer graphics. A thematic map with shaded-circle
symbols is shown here. CBB 806-7467

The Ramtek terminal produces detailed thematic maps. Other
applications yield digital images, such as satellite data or digit-
ized radiographic images. CBB 806-7469

The Talos digitizer is shown digitizing New England SMSAs for
use with SEEDIS. Almost any drawing or other graphic material
can be entered into the computer. CBB 806-7465

The DUNN camera makes high quality color prints and slides
from computer color-graphics terminals, directly from the
videu signals. The camera accepts images of up to 1024 x 1280
pixel resolution. CBB 806-7473
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the very large data bases and the data
analysis and display programsin SEEDIS.
The monitor was completely rewritten for
the VAX computers.

b) The Area module: The Area module per-
mits the selection of a geographic study
area. The module was generalized to allow
the addition of administrative districts,
such as prime sponsors or congressional
districts.

c) The Data Selection module: The Data
Selection module provides on-line brows-
ing and data item selection for all installed
SEEDIS data bases.

d) The Extract module: The Extract module
retrieves subsets of data from multiple
data bases for user-specified geographic
areas. Lxtract procedures operate auto-
matically and create user work files which
are accessed by the SEEDIS display and
analysis modules.

During the transfer of SEEDIS software to the
VAX. many improve.ients were made to the
functional capabilities. Based on expericnce with
earlier versions of SEEDIS. the mapping module
(CARTE) was completely redesigned to take advan-
tage of features provided by the VAX VMS
operating system. Significant developments have
occurred for the data analysis and display modules
CHART. QUERY. and SUBJECT.

The principal changes and improvements in
CARTE were 1o modularize the user interface, the
control logic and graphic design portions of the
system. and the graphics display functions. The new
user interface provides a script facilityv. better
control of graphics display parameters. and much
more flexibility in adding new features.

The CHART system has been enhanced to
incorporate commands to manipulate imprecise
user data. This work is based on fuzzy set theory
and provides an understanding of data qualifving
phrases such as “high.” “very high.” etc. Thesc
phrases can be combined with boolean conjunctions
such as “and,” “or.” and “not.” For example, areas
which have “high unemplovment™ and *low popu-

lation™ can be represented graphically. Other
improvements to CHART include better arithmetic
capabilities. a better intermodule intertace, better
display techniques. and more precise control of
color. Consultations with a graphic designer have
provided insight into improved effectiveness in the
visual presentation of data.

An experimental selective query fucihity has
been implemented. This facility (QUER YY) provides:

e sclectnve retrieval by user specitied boolean
conditions:

e arithmetic computation and creation of new
variables from existing variables:

e some statistical functions (SUM. MAX. MIN,

AVERAGL).

The new SUBIECT modnle «atictiod the need
for a subject-oriented secarch facility for the vast
number of data elements available in SEEDIS,
SUBJECT supports a directed-graph-structured
representation of the data elements. By means of
simple menu selection the user proceeds {rom
general to more detailed specification. When the
specific category of interest is reached. a request is
madc for the retrieval of all data clements included
in this category. For tabular data arrays. the user
may sclect data elements by specifving a subset of
each axis independently.

Another capability provided by the SUBJECT
module 1s kevword searches within the data cle-
ment category descriptions. The user specifies the
desired kevwords and the system responds with the
data bases and caicgories which contain the
specified term. or conjunction of specified terms.

Archiving the SEEDIS Data Bases

The L.BL. mass storage device which housed the
majority of the component SEEDIS data bases was
removed from scrvice during the first quarter of
fiscal vear 1979. CSAM begun a project to transfer
this data to a new archive on high density (6250
characters per inch) magnetic tape. The identi-
{ication and development of new storage structures
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led to the following accomplishments:

a. Archiving on high density tape of the
entire 1970 Census of Population, the geo-
graphic base map [iles, State Industry-
Occupation matrices developed under a
project for the Bureau of Labor Statistics,
the FIPS code identification files. data
from the 1972 Economic Censuses and the
City-County Data Books, and other im-
portant data bases;

b. Development of a computer-independent
data compression scheme which saved an
average of 66 percent of the original size of
the data files;

c. Development of a generalized Data Defi-
nition File (DDF) facility for characteri-
wzing all SEEDIS data;

d. A rewrite of the Manpower report package
software for the new storage structure, to
maintain access to this data resource by
DOL. CETA prime sponsors, and the
general public.

New Data Files

During 1979, new data files from DOE and
other agencies were integrated in SEEDIS for
interactive access, analysis and display in the form
of maps and tables. The data included the April
1979 Federal Energy Regulatory Commission Gen-
erating Unit Reference File, 1970 Housing and
Heating Characteristics obtained from Brookhaven
National Laboratory. air quality measurements
from individual monitoring stations, air quality
estimates for counties and census tracts, locations of
places defined by the Bureau of the Census and the
Environmental Protection Agency, and Bureau of

the Census county population estimates through
1975.

Geocode files and base maps for a variety of
geographic areas were added to permit aggregation
of county level data to larger geographic units
including Standard Mciropolitan Statistica: Areas,
EPA Air Quality Control Regions, BEA Economic
Areas, Water Resource Council Areas, Federal
Regions, Census Regions, Petroleum Allocation
Districts, Bechtel Energy Model Regions, National
Center for Health Statistics county groups, and
National Cancer Institute county groups.

The ESARS Data Project

The ESARS project is a test application of
SEEDIS data integration, analysis and display
functions in a distributed environment. DOL
Employment Security (ESARS) data are generated
at the local level. reported and aggregated at the
state and regional levels for extensive analysis. and
submited to a centralized database for national
reporting and comparative studies across regional
boundaries.

A major development during 1979 was the
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installation of ESARS data on VAX-11/780 com-
puters. Design specification and implementation of
the ESARS tape conversion programs were com-
pleted. As currently implemented. the programs -
create a master data tape which contains regional
ESARS data. From this tape the user can create a
subset of the data which will be disk-resident for
rapid access in report generation. The conversion
programs achieve a significant reduction in storage
space, and allow an estimated 1250 master data sets
to reside on one 200 MB disk pack.



Labor Market Projections Model

The Labor Market Projections Model (LMPM)
provides estimates of current requirements for
employment and training services in local areas.
Two methods of estimating “current™ local needs
have been developed.

The first method updates certain tabulations of
the 1970 Fourth Count Census by using the 1970
Current Population Survey (CPS) data and the

Estimating “current” local labor needs with the Labor Marke!
Projections Model (LMPM), using census data and refining the
population projections are concerns of Esther Schroeder (left),
LMPM project leader, and Linda Kwok, statistician.

CBB 796-7917

latest CPS data. Updated Census tabulations were
computed by multiplying thc 1970 Census data by
the ratio of the latest CPS data to 1970 CPS data
and normalizing the results, The second method of
estimating current local needs uses a refined cohort-
component meihod 1o deicrmine popuiation pro-
jections. This involves the separate projection of
mortality. fertility. and net migration for five vear
age cohorts to give population by age. sex. and race
for a particular area. Submodels are used to handle
the military and collegiate populations separately.
Labor force and unemployment projections are
based on the labor force and unemplovment of the
geoarca in the base vear, national changes in the
labor force and unemplovment from the base vear
to the target vear. and the population projections
for the target vear as calculated previously.

Several improvements were made to the popu-
lation projections model. More current mortality
rates and fertility rates were introduced. Further-
more, the fertility rates are now defined at the state
level. instead of the national, as previously. The
submodel for the military was improved con-
siderably. In 1970. the total military in an area are
estimated. not just those in military barracks as was
done before. Data on station strength in 1975 and
1977 were obtamed at the county level from the
Burcau of the Census. Thus the general decline in
military strength across the county was taken into
account. To accommodale those states which must
usc state generated population projections by law, a
provision was made for them to insert their own
population estimates to obtain labor force and
uncmployment projections,
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Total Suspended Particulate
1974-1976 Geometric Mean
Micrograms per Cubic Meter

The 1974-1976 geometric mean level of total suspended particulate (TSP), estimated at the
position of county population centroids from measurements at individual monitoring

stations, is shown.
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Graph showing a positive correlation hetween levels of TSP and
sulfur dioxide, another significant and widely measured pollutant.
Such a relationship is important, because the combined effect of
these two pollutants is believed to be more harmful than the simple
sum of their separate effects.
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The distribution of estimated TSP levels among the 3000-odd
counties of the United States. Levels could not be estimated for
about 15% of the counties, as shown at left end of this plot. Most of
the remaining counties have estimated levels between 45 and 65
micrograms per cubic meter; a few counties have levels in excess of
100 micrograms per cubic meter. The primary national ambient air
quality standard is 75 micrograms per cubic meter. Counties with
levels above this limit are in violation of EPA regulations and are
required to take action to bring the levels down.
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Populations at Risk to Environmental Pollution

The Populations at Risk to Environmental
Pollution (PAREP) project is expanding the existing
environmental database at the Lawrence Berkeley
Laboratory for the purpose of making epidemio-
logic investigations into the relationship between
disease (particularly cancer) and environmental
pollution. The PAREP project encompasses devel-
opment and evaluation of analytical methodologies
as well as specific investigations. The database
contains, for each county in the United States,
information on air quality.

human mortality,
geographic location, and a number of socio-
economic indicators. In 1979 the database was
supplemented with more inclusive air-quality data
and with information on age-specific mortality and
cancer incidence.

A typical epidemiologic study focuses on the
individual as the unit of investigation. The PAREP
project has begun to analyze data for which the
basic unit is a group of individuals; this approach is
called an ecological study. Since the methodology
for analyzing this type of data is not well developed.
and is limited to only a few techniques, the PAREP
project is developing specialized statistical tech-
niques to deal with ecological data. Without such
statistical tools, the utility of ecologicaldata is much
reduced.

A comprehensive set of geocode files and
geographic base-map files was needed so that data
files based on different geocoding schemes could be
combined. The problem was not simply one of
nomenclature, but of finding a means of combining
data from different areas that partially overlap each
other. Software was implemented to automate the
combination of data archived at different geo-
graphic levels by providing proxy variable files.
Consequently, when such geographic inconsist-
encies are encountered in future work. the files can
be easily integrated with the existing database.

A major task was the development of a file
containing corrected fatitudinal and longitudinal
coordinates for all the active air-quality-monitoring
stations in the United States. Station locations were
visually checked against county boundaries, an
exercise that would have been extremely difficult
without the graphic-display capabilities of SEEDIS.

County-level air-quality esumates were cal-
culated as a weighted average of measurements
from nearby stations, with the nearest stations heing
weighted most heavily. This method has vielded
estimates that are more precise than thosc made in
other projects, which have relicd onsimple averages
of the measurements taken within the county. The
new method involves some assumptions, including
the empirical choice of a distance-weighting func-
tion for each station. Still, a reasonable choice was
made. and the results were carefully checked for
consistency against those obtained by other me-
thods. Again. the interactive mapping capability of
SEEDIS was indispensable in detecting errors.

Portions of PAREP. especially the air quality
estimates developed at LBL. have been requested by
the President’s Council on Environmental Quality
for the UPGRADE project, and by Brookhaven
National Laboratory. Pacific Northwest Labora-
toryv. and Oak Ridge National Laboratory. Sell-
documenting data files have been prepared that
allow the data to be distributed with a minimum of
personnel effort. Resources are being shared with
other DOE installations. and it 1s expected that. in
exchange, data will be acquired that will be valuable
in future projects.

A complete integrated file. containing all of the
PAREP data in SYSTEM-2000 load format. is
being put together for installation in the Research
Triangle Park computer of the Environmental
Protection Agency. Based on the PAREP data. a
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series of epidemiologic hypotheses has been tested,
and further hypotheses will be generated as use of
the database continues. The computer software and
statistical tools are being developed in parallel. a
fact that has made the database more serviceable in
exploring epidemiologic issues.

The project has explored and implemented

methods for estimating the missing portions of
censored or truncated data sets so that parameters
can be estimated and statistical tests performed.
Moreover, the computer software has been de-
veloped for efficiently accessing age-specific mor-
tality data. Consequently, it will be possible to cover
age-specific as well as age-adjusted mortality rates
for 53 specific causes in future studies.

Distributed Computer Network (DCN)

An experimental network of minicomputers
has been established as a framework and test bed for
basic research in networking techniques, user
mterface and environment. and distributed infor-
mation technology. 1his Distributed Computer
Network (DCN) project is funded jointly by the
Department of l.abor’s Employment and Training
Administration (DOL. ETA) und the Department
of Energy. Since the major goal of the DCN is to
provide shared access to socio-economic, environ-
mental and demographic databases. and sophisti-
cated data retrieval. analysis, and display systems.
this joint DOE-DOL project is considered to be a
prototype for future development of systems to
serve similar functions for DOE programs.

During 1979 the network was upgraded to
Digital Equipment Corporation (DEC) VAX-11;
780 compuier systems located at LBL and DOL-
ETA field test sites with links planned to DOE
research sites specializing in certain areas of
information analysis research. The network. shown
in the Figure, is based on DECNET software. Work
was done in establishing DECNET links and
exploring networking capacities and shortcomings.

The LBL. Computer Science staff worked
cooperatively with Digital software support per-
sonnel to establish DECNET connections between
the LBL-VAX and Digital’s Santa Clara VAX and
between the LBL-VAX and Digital's Oakland PDP
11, 70.

Point-to-point connections. utilizing dial-up
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telephone links, were established between DCN
nodes and used for transfer of small data files, minor
software updates, and rudimentary electronic mail
functions. Design of network links ntilizing dedi-
cated lines was completed and the implementation
effort was initiated during 1979.

A set of preliminary benchmarks was designed
and run on DECNET Version | software. The
network configuration under test was a 9600 baud
full-duplex link between two VAX systems at LBL
and a 4800 baud half-duplex link between systems at
LBL and DOL-ETA Region IX office in San
Francisco. The benchmark results indicated areas of
inefficiencies in the software. LBl worked with
Digital to address resolution of these areas in later
versions of the networking software.

In addition to development and conversion of
SEEDIS software modules, CSAM is developing
software on the VAXES to meet the following
functional requirements:

® Text processing tools, including a text editor,
text formatter, and ancillary text manipulation
programs;

® A mail system on each node. Users within each
node can communicate meeting notices. letters.
memoranda, etc.;

® A UNIX ™ike shell which allows inter-process
communmnication.
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The Distributed
Computer Network

An experimental network of homogeneous mini-
computers serves as a framework for research in
networking techniques, and distributed information
systems technology. LBL is linked to demonstra-
tion sites at Department of Labor Employment and
Training Administration offices and to other DOE
research sites. The network provides shared
access to the integrated databases and =ophisti-
cated data anaiysis and display capabilives of the
Socio-Economic, Environmental Demographic
Information System (SEEDIS).

Department of Energy Research Laboratories

Berkeley: awrence Berkeley Laboratory
Richland: BATTELLE Pacific Northwest Laboratories
Washington, D.C.: George Washington University

D

Department of Labor, Employment & Training Administration
Seattle: Federal Region X Office

San Francisco: Federal Region 1X Office
Washington, D.C.: National Office
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System of Information Retrieval and

Analysis for Planners

The System of Information Retrieval and
Analysis for Planners (SIRAP) is a component of
SEEDIS focusing on the development of detailed
small area profiles and other analytical capabilities
of particular use to civil works planners.

All data files retrievable via the QWICK
QWERY and REAP system were moved {rom the
chipstore (the LBL mass storage device. which was
discentinued on October 1. 1979) and placed on
high density magnetic tape. QWICK QWERY
access to these and other files was maintained and
QWICK QWERY remained as a software product
available on the LBL main computer center.

The retrieval and report programs for the 1970
Fifth Count Census have been documented and
tested. Data from this file provides report profiles at
the Census Enumeration District or Block Group,
the finest geographic detail for demographic data
provided by the Census Bureau.
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A new file containing the 1977 City-County
Data Book was installed for access via QWICK
QWERY. This file contains a time series of data
from 1947-1977. consolidated from all City-County
Data Books of that period. The file will also be
available for on-line retrieval on the minicomputer

. e FCEI MY
version of SELDIS

A substantial number of modules and data
bases have been transferred from the LBL Com-
puter Center mainframe computers (CDC-6600 and
CDC-7600) to the VAX-11, 780 computer. These
include the following data bases:

1947-1977 City-County Data Book
1974 & 1969 Census of Agriculture

1972 Energetics Data Base (Brookhaven Lab-
oratories)

1971-1976 BEA Employment Data Base
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APPLICATIONS

Computational Physics

Development and applications support was
provided by the computational physics group to the
following projects:

Accelerator Theory

Work continued on the theoretical and practi-
cal aspects of design for an induction linac to be
used for acceieration o! heavy ions {for inerii
fusion. The problems of transverse stability of a
beam in a yuadrupoie focusing channel was studied
and compared with results from analytical theory.
Investigation of the optimum accelerator with

2

Accelerator design and fusion energy technology are among the
principal programs of the Compulational Physics Group. In this
nhoto are (top) Victor Brady and Jim Miller; (center) john Colonias,
Jos Polman, Art Paul, Ludmilla Soroka, Hon Close, and Mark
Friedman; (front) David Soroka XBC 798-10795

respect to various design parameters to minimize
total cost was undertaken with the newly written
computer program LIACEP.

A new circular boundary condition for mag-
nets with quadrant symmetry has been incorporated
into the computer program TRIM.

Advanced Technologv Accelerators

The Experimental Test Accelerator (ETA) at
LLL has been modeled with vaiivu. computer
simulation codes. The main thrust of this effort has
been directed at understanding the beam dvnamics
including the self electric and magnetic forces in the
presence of the externally applied magnetic focusing
elements and electrode structures. The calculations
have been compared with experimental results with
emphasis on understanding the actual vperatic~ - ©
the ETA and providing the basis for -1 o
improvements over the original design goals. 1.
has resulted in improved mecthods of tuning the
machine and understanding the observed beam loss
mechanisms. The beam emittance introduced by
passage through finite grid wires has been studied by
computer simulations. These results compare well
with the experimentally measured values of the
beam emittance and provide confidence in our
understanding of the eontributing factors to the
beam phuase space volume and growth,

Controlled Thermonuclear
Reaction (CTR) Mirror
Fusion Test Facility (MFTF)

Magnetic field coinputations were performed

to determine the extent of attenuation in the
magnetic field inside the MFTF neutral beam
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injector modules. since operation of the neutral
beam injectors must be in an environment as free of
magnetic fields as possible. The complexities of the
geomeltry necessitated the revision of standard ways
of zoning magnet geometries with boundary con-
ditions. Numerical computationsanda 1,/ [0th-scale
prototype model were used to arrive at a three-layer
shield design.

A large class of problems in physics and
engineering is formulatable in the confines of the
non-linear Poisson’s equation which. with modern
digital computers and advanced methods of numeri-
cal analysis, has been solved for a variety of
geometrical configurations of extreme complexity
and various boundary conditions. Work has been
undertaken to find the proper formulation and
solution of the non-linear “magnetostatic cqua-
tion”, for the design and implementation of a
computer program to solve thisequation efficiently.

CTR Tokamak Fusion
Test Reactor (TFTR)

Self-consistent calculations of the primary
electron energy distribution and secondary electron
temperature have been included in the computer
model for hydrogen and deuterium ion source
plasmas. Solution of the rate equations for the
production and loss of atomic and molecular ions
yields the calculated ion current density at the
accelerator and the beam composition as functions
of the source geometry, gas flow, and arc current
and voltage. Predictions made in this model show
reasonable agreement with measured data for
TFTR and MFTF sources.

CTR-TORMAC

Tormac (Toroidal Magnetic Cusp) is a new
experimental magnetic configuration concept for
confining a fusion plasma. Computational support
was provided for the Puffer experiment where a gun-
injected plasma expands radially outward with very
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high velocity and is stopped and trapped by the
main bi-cusp Tormac magnetic field.

A two-dimensional magnetohydrodynamics
(MHD) skin current equilibrium code was used to
calculate the MHD plasma equilibrium. Two
models of the equilibrium were considered: a)
plasma is mirror-trapped on an open magnetic ficld
and b) plasma is trapped in a cusp equilibrium with
bulk of plasma on closed field lines. Experimental
measurcments suppost the cusp model.

Calculations were made for an MHD shock
wave concept for trapping and heating of the
plasma. The plasma parameters in front and behind
the shock wave were calculated for a range of
experimental conditions. The final plasma tempera-
ture and density calculated were in good agreement
with the experimental data.

CTR-Neutral Beams

The LBL ncutral beam sources have been
designed based on calculations with the WOLF
code. This ion optic code is being improved to
include cylindrical geometry, and better numerical
convergence schemes. Consideration is being given
to writing a new simulation program for the CRAY-
| computer.

Epidemiology of Magnetic Fields

An epidemiological study has been under way
at Donner Laboratory for several years 10 investi-
gate the health effects. if any. resulting from the
occupational exposure produced by various nuclear
instruments such as cyclotrons. bubble chambers.
and spectrometers. The methodology involved in
determining the magnetic field exposure of such
instruments has been applied to statistical study
designed to evaluate potential health effects in
groups of scientists and industrial workers who have
been occupationally exposed to high magnetic
fields.
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LASL-PSR

Los Alamos Scientific Laboratory is designing
a Proton Storage Ring for use with the Los Alamos
Meson Production Facility (LAMPF). At LBL we
have worked on the problems of beam injectionand
extraction from this ring.

Injection of protons into the PSR usesa unique
method of negative hydrogen ion stripping to
neutrals, injection into the ring and stripping to
protons to complete the capture process. A long
injection line transports the negative ion beam
horizontally and vertically from LAMPF to the
PSR. The dispersion produced by the dipole
magnets in the injection line from a spread in the
beam momentum must be chromatically compen-
sated while allowing a varied tune of the line so that
programmable beam injection stacking processes
can be used.

The extraction system of the PSR serves to
extract the stored beam from the PSR and transport
that beam to either a beam dump or a line
reinserting it for transport to a target.

LBL/SLAC Positron-Electron
Project (PEP)

Further development of the AL/GN program
was made. This program is used to correct simulated
survey and position errors and generate an appro-
priate orbit correction scheme and to determine the
corresponding corrector strengths. ALIGN was also
used in conjunction with the program SYNCH to
study the orbit properties of the corrected machine
and compare it with those of a perfect machine that
contained no errors.

The successful use of the ALIGN program at
SLAC prompted the ISR (Intersecting Storage
Ring) division of CERN to request this program for
use with their design study for the proposed large
clectron-positron colliding beam machine. LLEP.

Interest in the beam-beam interaction problem
encountered in colliding beam storage rings has
been renewed by the proposed construction of
ISABELLE at BNL. Much of the unpublished work
donc over the last several years was documented and
presented at a symposium on Non Linear Dynamics
and the Beam-Beam Interaction.

Physics

PEP 5: the Mark Il Detector

When the PEP accelerator becomes opera-
tional, the MARK Il magnetic detector is expected
to be the first fully operational system for detecting
and measuring multi-particle final-state events. The
detector itself was moved from SPEAR, and an
inner set of drift chambers is being installed. This
additional improvement, along with the increased
complexity of the events to be analyzed. required
upgrading of the software for event reconstruction.

The pattern-recognition program has been
augmented so that readouts from the non-paraxial
chambers are combined with the paraxial data to
improve efficiency of track finding. This involves a
two-dimensional histogram search. which is time-
consuming. Running times on the 1BM triplex?

computer at SLAC and on a Floating-Point
Systems array processor were compared. and it was
found that no distinct advantage could be gained by
use of the array processor in this application. The
study will be continued to see whether reorganiza-
tion of the routine to take advantage of the unique
capabilities of the Arrav Processor will make it
competitive.

A track reconsiruction program which runs
interactively on the IBM computer at SLAC has
been implemented to allow human-guided recon-
struction of difficult events. Aneventis displaved on
a4 CRT and a light-pen is used to select points to be
fitted to a track. Options in the program allow for
modifications of the preliminary results of the
automatic track-finding and fitting rouunes. modi-
fications such as the deletion of points and the re-
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fitting of tracks using different lists of points.

Monte Carlo programs for simulation of ¢x-
periments have been improved, and a version of the
current SLAC program is being implemented on the
L.BL. computers.

Programs which enable LBL physicists to
analyze SPEAR data from the data-summary tapes
originally written at SLAC — but especially
designed so that they can be read (and copied) on the
CDC 7600 at Berkeley — continue to be developed
and improved. At present, for example, a program
is nearly completed v/hich will allow BKY users to
select, merge, and partially sort MARK 1l data on
the 7600, using multiple input and output tapes.

Maintenance of the HYDROX version of the
general data-display program KIOWA requires
occasional programming time (the HYDROX ver-
sion is widely used by both local and remote users).
Work is currently being done to provide greater
sophistication to that part of the program which
allows the plotter to superimpose function-curves
on top of the histograms.

PUBLICATIONS

On Calculating Flows with Sharp Fronts ina Porous Medium,
N. Albright, and P. Concus. presented at the SIMS 1979
Research Application Conference on Energy Conversion
and Fluid Mechanics, Alta. Utah. Junc 1979. 1979 LBL-
9286.

Numerical Solution of the Multidimensional Buckley-Leverett
Equation by a Sampling Method, N. Albright, P. Concus,
and W. Proskurowski. Paper SPE 7681 presented at the
Soc. Petrol. Eng. 5th Symposium on Reservoir Simula-
tion. Denver, Colorado.

An Analysis of Ration Check Issuance & Reconciliation
Sustem Designs, D. Austin, October 3. 1979. LBID-104.

Update Metkeds for Highly Structured Systems of Nonlinear
Equations, J. H. Avila. and P. Concus. SIAM J. Num.
Anal. April 16, 1979, pp. 260-269. 1979 LBL.-7236.

Visualizing Fuzzyv Subjective Categories in Social Data, W. H.
Benson. 1979 1.B1.-10295.

84

A High Order Finite-Element Method for the Calculation of
Surfaces, R. A. Brown. J. Comp. Phys. 33, pp. 217-235.
1979 LBL-7291.

Cartographic Base Files a1 Lawrence Berkeley Laboratory;
1978 Inventory, B. R. Burkhart. ed. 1979 LBL-8707.

Elderly Housing Choracieristics Planning and Service Areas,
B. Burkhart. 1979 [.BL-9099.

GRAFPAC, D. Cahn, W. Johnston, and N. Johnston. 1979
UCID-8094.

A Response 1o the 1977 GSPC Core Graphics Systems, D.
Cahn, W. Johnston, and N. Johnston. Computer Graphics
13.2(SIGGRAPH 1979 Proceedings). August 1979, LBL-
9012.

A Study of Incompressible 2-D Vortex Flow Past a Circular
Cvlinder, A. Y. Cheer. July 1979. L. BL.-9950.

Flecme Advection and Propagation Algorithms, A. J. Chorin.
To Appear J. Comp. Phys. 1980. LBL.-8826.

Numerical Methods for Combustion Modeling, A. J. Chorin,
Proceedings of IRIA Symposium. Paris. France. De-
cember 1979,

Fleciric Fields for Beam-Beam Force Calculations Subroutine
OVXYLS, E. Close, 1979 LBL-8903.

General Properties of Beam-Beam Interaction Orbits, A Look
at Their Sensitivity to Parameter Change, E. Close. 1979
L.BID-006.

team-Beam Limit Simuwlations SPEAR 1. E. Close. 1979 1.81 -
9683.

Magnetic Field Effects on Humans: Epidemiological Study
Design Part 11, J. S. Colonias, 1979 LBL-9357.

Progress Report on the Solution of the General Magnetostatic
Equation, J. S. Colonias. M J. Friedman. 1979 L BL-9627.

Neutral Beam Enclosure Calculations for the M X Praject. ). S.
Colonias, 1979 LBID-012.

Epidemiology of Magnetic Effects. ). S. Colonias. 1979 L.BID-
031.

Calculations for the Neutral Beam Enclosure of M FTF Project
Using Program TRIM, ). S. Colonias, 1979 LBID-032.

Magnetic Shielding of Neutral Beam Sources in Mirror Fusion
Test Facility, J. S. Colonias. 1979 UCRL-52824.



Computer Science and
Applied Mathematics

Update Methods for Highly Structured Systems of Nonlinear
Equations, P. Concus, J. H. Avila, 1979.

A Numerical Study of Capillary Stability in a Circular
Cylindrical Container with a Concave Spheroidal Bottom,
P. Concus, and 1. Karasalo, 1979.

A Software Package for Calculating Axisymmetric Menisci, P.
Concus and V. Pereyra. 1979 LBL-8700.

Numerical Solution of a Nonlinear Hyperbolic Equation by the
Random Choice Method, P. Concus, and W. Proskur-
owski. J. Comp. Phys. 30. 1979, pp. 153-166. 1979 LBL-
6487.

The Shape of the Pendent Liquid Drop, P. Concus, and R.
Finn, Phil. Trans. Roy. Soc. Lon. A-292, 1979, pp. 307-
340. 1979 LBL-4949.

A Finite Element Method for the Solution of a Nonlinear
Hyvperbolic Equation by the Random Choice Method, M.
J. Friedman, August 1979. LBL-9504.

Synch-A Computer System for Synchrotron Design & Orbit
Analysis, A. A. Garren_and A. S. Kenney, 1979 LBID-110.

Second Order Differential Operators Commuting with Con-
volution Integral Operators, F. A. Grunbaum, June 1979.
LBL-9298.

A Study of Fourier Space Methods for Limited Angle Image
Reconstruciion, F. A. Grunbaum. August 1979, LBL-
9299.

Software Tools Programmer’s Manual, D. Hall, D. Scherrer.
J. Sventek, LBL CSAM Internal Documentation 1979,
LBID-097.

A Portable Program Development Environmen:, D. Hall,
D. Scherrer, J. Sventek. September 1979, LBL-10677.

Proceedings of the Fourth Berkeley Conference on Distributed
Data Managemen: and Computer Networks, D. Hall.
editor. CONF-790834, August 28-30. 1979, LBL-9433.

The Use of Technological Advances to Enhance Data Manage-
ment Performance, P. Hawthorn, and M. Stonebraker,
UCB/ERL M79;3 (Presented at the 1979 ACM-SIGMOD
Conference on Data, Boston. June 1979.) June 1979.

LBL Manual for the EQ Chemical Simulation Programs,
P. Igbal. 1979. LBL-8937.

IDDS User’s Manual, W. Johnston, 1979, UCID-8096.

Extending the E-R Model, R. Johnson. presented at the
International Conference on Entity-Relationship Ap-

proach to Systems Analysis and Design. Los Angeles,
December 1979.

On Solving The Siiff ODE’s of the Kinetics of Chemically
Reacting Gas Flow. 1. Karasalo, and J. Kurylo. August
1979. LBL-9069.

On the Thermochemistry of Methane Ignition, 1. Karasalo.
J. R. Creighton. R. H. Guirguis, and A. K. Oppenhneim.
presented at 7th International Colloquium on Gasdy-
namics of Explosions and Reactive Systems. August 1979,
LBL-9602.

Stability of Axisymmeiric Annular Fluid Interfaces at Zero
Coniact Angle, 1. Karasalo. Arch. Rat. Mech. Anal. 71,
1979 LBL-5318.

Piecewise Sampling Method for Reacting Gas Flow. ). Kurylo.
October 1979, LBL-9135.

A Novel Numerical Technigque for Solving Non-Steady
Reactive Gas Flows, J. Kurylo. November 1979, LBIL-
9136.

A Linearization of the Piecewise Sumpling M. hod with
Application 10 Flow Fields Containing Internal Disce n-
tinuities, J. Kurylo, November 1979. .LBL-9137.

Tabulation of the 1976 Surveyv of Income and Education
Computer Microdata File, L. Kwok. March 1979 [.BID-
6.8.

Error Growth in Using the Random Chaoice Method for the

Inviscid Burger'’s Equation, J. LaVita, October 1979, LBL-
9921.

Theoretical Study of a Reaction-Diffusion Model for Flame
Propagation in a Gas. S. Lin. July 1979, LBL-9487.

Unemployment Insurance Intersiate Benefit Network Study,
J. Livingston. and F. Gey. September 1979. LBID-103.

A Critique of CHAR i from the Graphic Designer’s Perspec-
tive, A. Marcus, 1979. LBID-105.

Computer Assisted Chart Making from the Graphic Designer’s
Perspective, A. Marcus, December 1979. LBL-10239.

Water Equations. G. Marshall. 1979, LBID-011.

Fortran Newsletter — (FOR-WORD). L. P. Meissner, Volume
6. 1979 Pub-345.

Codata Users' Manual, D. Merrill, 1979. LBID-021.

Age Specific Mortality Data at LBL. D. Merriil, 1979, LBID-
022,

85



Computer Science and
Applied Mathematics

PAREP: Populations at Risk to Environmental Pollution,
D. Merrill, October 1979, LBL-9976.

A Simple Model of Delay. Block, and One-Way Conduction
in Purkinje Fibers, R. Miller, J. Math. Biol. pp. 385-398.
1979. LBL-4657.

Human Vision and Computer Graphics, F. Montalvo, Compu-
ter Graphies 13. 2(SIGGRAPH 1979 Proceedings). 1979.
LBL-9160.

An Empirical Method that Provides a Basis for the Organiza-
tion of Relaxation Labeling Processes for Vision, F.
Montalvo. 1979. LBL.-9300.

SEEDIS User’s Guide (VAX Version), F. Montalvo, 1979,
LBI11-060.

Feasibility Study for a Distributed Sysiem Design for a Gaso-
line Ration Check Issuance Reconciliation System, F.

Olken. S. Eggers, H. Holmes, A. Shoshani, Getober 1979.
LBID-101.

Compuiational Studies of Beam Dynamics in the ETA Gun,
A. C. Paul. 1979. 1.BL-8409.

Math. natical Study of the Nonlinear Singular Integral
Magnetic Field Equation, M. 1. Pekker, 1979. LBL.-9096.

An Ecological Database Populations-ai- Risk-10- Ecological
Pollution, S. Sacks, and D. Merrill, 1979. 1.BID-013.

86

Software Touls Communicaticns, D. Scherrer. Software Users
Group newsletter, November 1979, LBL-PUB-324 600.

COORBOOK, Instruciions for Iniplementing the | Bl Sofi-
ware Tools Package, D. Scherrer. 1979. UCID-98.

Tabulation of the 1970 Public Use Sample, E. Schrocder.
February 1979, UCID-8104.

Projecting Population 10 1980, E. Schroeder. February 1979
[.BL-8782.

A Numerical Method for Slightly Viscous Axisvmmerric Flows
with Application 1o Internal Combustion Engines. G. A.
Sod. 1979. LB1.-9049.

A Hybrid Random Choice Method wuh Application 1o
Internal Combustion Engines 11, G. Sod. 1979. LBL-
9423,

User'’s Manual for LBI. RIS, S. Sorell. 1979, UCID-8107.

Moving Interactive Thematic Mapping from Mainframe to
Mini: Some Design Possibilities and Development Exper-
ience, A. Yen, H. Holmes, P Wond. Auto-Cario IV Pro-
ceedings. Reston. VAL 1979, 1.BL-10167.

CARTE Users Manual. A. Yen. 1979, [.B1-10675.





