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INTRODUCTION 

This annual rejwrt of the Physics, 
Computer Science ami Mathematics divis ion 
describes the s c i e n t i f i c research and other 
work carr ied out within the Pi vis ion during 
the calendar year 1975. The Division has 
changed i t s name from the "Physics Division" 
to that indicated above, to properly ref lec t 
i t s true r e s p o n s i b i l i t i e s . At the same time, 
work in Heavy-1 on Nuclear Science will be 
funded in the future through the new Nuclear 
Science d iv i s ion , and so a summary of that 
work appears in the Annual Report of the 
Nuclear Science Division. Similar ly , the 
work on Atomic Physics is now contained within 
the new Materials and Molecular Research Divi­
sion. The Mathematics and Computing Group has 
now separated into two p a r t s : the Coinputer 
Center, which manages the large computing 
f a c i l i t i e s at the Lab on a recharge b a s i s , 
and the Computer Science and Mathematics Group, 
which does research in various f i e lds as 
described in t h i s report and a l so provides 
programming exper t i se on a recharge basis as 
needed by other Divisions of the Laboratory. 
A third par t of the or iginal group is the 
Real-Time Systems Group, which has since been 
t ransferred to the E lec t r i ca l Engineering 
Department a t I.BL and wi l l function as a 
support group in conjunction with a small 
computer maintenance group formerly in our 
Physics Systems Group. The e n t i r e RTS Group 
now deals with hardware and software design 
and maintenance for small computers. 

The major physics research a c t i v i t y of 
the Division is in high-energy physics . A 
vigorous propram in t h i s f ront ie r f ie ld is 
maintained both in experimental and theore t ica l 
work. Experimental work is ca r r ied out at the 
Stanford Linear Accelerator Center (SLAC), 
at I-'errci National Accelerator Laboratory 
iPNAL), and at Brookhaven National Laboratory 
(BM). The work done at SLAC with SPEAR, the 
Stanford Positron Electron Accelerator Ring, 
has been the most exci t ing in recent years 
because of the discovery of the •. p a r t i c l e s 
by an LBL-SI.AC team of co l l abora to rs . A 
re la ted family of p a r t i c l e s known as x ' s has 
a lso been found and is described in th i s 
repor t . 

This year we report subs tan t ia l a c t i v i t y 
in a new area which r e f l ec t s the very special 
r e l a t i o n between LB1. and SLAC. A new Positron 
Electron Coll iding Beam Project (PEP) has 
begun as a j o in t e f for t by LBL and SLAC. The 
construct ion of the acce lera tor i t s e l f i s a 
j o i n t effor t involving the Accelerator Divi­
sion at. LBL with help from our acce le ra to r 
t h e o r i s t s , but in addit ion the Physics 
Research Division i s responsible for design 
of the experimental areas -aid f a c i l i t i e s . We 
are a lso involved with se lec t ion and s t a f f 
work for the various PEP committees*, the 
PPC(PEP Policy Committee) and the EPCfExperi-
mental Program Committee). 

A second PEP Summer Study was held in 
1975 at LBL sponsored by LBL, SLAC, and SLUO 



I The SLAO-LR!. Users O r g a n i s t ion 1 with p a r t i ­
c ipants from a l l over the country and from 
abroad. The proceedings issued as LBI.-4S00 
and SLAC-190 have become the basic text for 
a l l those who are designing future experiments 
both for PEP and for Pl-TRA in liui-opc. As t h i s 
report i s beinp wr i t ten in 19~6, i t has become 
known that P!:P i s in the Pres ident ' s budget 
and construct ion wi l l begin, to be coinpleicd 
in HSO. 

The IJivision continues i t s Medium-Enerijy 
Physics pro-gran* at the Bevati"on and a t LAMFT. 
The 134-Inch Synchrocyclotron i s now run by the 
Accelerator Division and only for the medical 
program. 

The s c i e n t i f i c s ta f f of the division is 
composed of Staff and facultv {Ik'.tt} Senior 
S c i e n t i s t s , (itvi--ionaI l-'el lous, lemi Appointees 
and postdoctoral and ^radiwre students wnrkinc 
to fu l f i l l the reqjiirenvnts for t h e i r doctorate 
Ihe eradia te students contr ibute subs tan t ia l ly 
to the labora tory ' s research program while ful­
f i l l i n g the reijuireiicnts for t he i r adv.-ina-d 
decrees. 

Substantial pionr^ss and exci t ing d is ­
coveries have been made during tliis year in 
a l l areas of research doTiv in the hi v is ion . 
Tliere is no way to do j u s t i ce to the Mirk in 
a short sinmuiry. 
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I. EXPERIMENTAL PHYSICS 

The experimental physics program consists 
of research in high-energy particle physics, 
medium-energy physics, astrophysics, astronomy, 
and cosmic rays. 

High-energy physics experimental observa­
tions, our major activity, are at the present 
time mainly carried out at SI AC, FNAL, and BNL. 
iv'hilo there is extensive collaboration among 
high-energy particle physics groups because of 
the complexity and expense of modem experi­
ments, the LBL contribution toward planning, 
construction of equipment, and data analysis 
of them is mainly carried out here. 

Planning is in process for experiments that 
will be conducted at the PUP facility to be 
constructed at SLAC. Since PEP, planned to 
become operational in 19Su, will be the next 
major event in the U.S. hierarchy of high-
energy accelerators, a great deal of excitement 
has been generated. The results from SPEAR 
suggest that a whole new field of particle 
"spectroscopy" may be opened up with PEP. 
Because of the importance of PEP and because 
of the novelty and complexity of the experi­
mental apparatus required by it, the development 
of such equipment is reported immediately below 
rather than in the section on experimental 
techniques and instrumentation development. 

Research in medium-energy physics is 
carried out at the Bevatron and at LAMPF. 

Work in astrophysics, astronomy, and cosmic 
'ays is done at several appropriate cooperating 
observatories and by balloon or U-2 flights. 

A. High-Energy Physics 

t. S P E A R 

Discovery of Other ^ Particles 
The spectacular discovery of the y parti­

cles, which occurred at SPEAR last year, has 
been followed by a series of exciting new 
discoveries. The LBL-SLAC magnetic detector 
has operated almost continuously for the past 
year, a*d new resonance-like structures in the 
cross section for elecLron-positron annihila­
tion, which have been found near 4 GeV, may be 
interpreted as additional nipmbers of the I+J 
particle family. Thus, three addition?! levels 
have been observed between the iH3.±j and 
tH3.7): a level called P , first observed at 
DESY, was confirmed in our work and has the 
feature that it results from photon decay of 
the $(3.7); then decays by a second photon to 
I|J(3.1). The most likely value of its mass is 
3.5 GeV. In addition, we have found two other 
levels that occur by photon decay from the 
^{3.7} and then decay into multipion systems: 
they are the x(3.53), which decays into 2TT 2T 
and 3TT+37r"; and the X(3.41), which decays into 
IT TT". K K", 2TT 2TT", and 3TT 3ir . Furthermore, 
there are at least two additional resonances 
above the ^(3.7) that are relatively broad: 
the ip(4.15) with a width of about 200 MeV, 
which was seen earlier, and the IJJ(4.4), which 
we have recently observed with a width of about 



The huge, 250-ton 
Mark ] magnetic de tec tor 
at SPEAR used by LBL and 
S1.AC phys i c i s t s in iden t i ­
fying the new psi p a r t i c l e s . 
In the center of the detec­
tor is the in t e rac t ion 
region, j u s t behind Carl 
Friedberg, where e lec t rons 
and posi t rons co l l ide head-
on during opera t ion . This 
massive array of spark 
chambers and counters can 
d i s t ingu i sh e l e c t r o n s , 
muon5, and pions from each 
other and can measure 
t h e i r momenta, d i r e c t i o n s , 
and v e l o c i t i e s . 
(X3B 7311-7292) 

George T r i l l i n g ( l e f t ) 
and Gerson Goldiiaber, co-
leaders of the LBL group of 
p h y s i c i s t s co l labora t ing 
with SLAC, and co-discover­
ers with SLAC of the ps i 
p a r t i c l e s , discuss plans 
for experiments tha t wi l l 
reveal add i t iona l members 
of the ps i p a r t i c l e family. 
(CBB-753-2077) 

30 MeV. A search for other very narrow 
resonances has been completed. This search 
goes in 2.5-MeV steps from the ip(3.7j up to 
7.5 GeV, the highest energy obtained so far. 
We did not observe any additional sharp spikes 
at the level of between 101 and 202 of the 
intensity of the signal at the K3.1). In a 
small region around 6 GeV (5.7 to 6.09 GeV)t 

a more detailed search places a limit of less 
than 2% of the i> intensity on any possible 
narrow spike in this region. 

Polarized Electron and Positron Beams 
The SPEAR, colliding e e beam machine, 

lias the remarkable property of transversely 
polarizing the electron and positron beams. 
At a total energy of 7.4 GeV, anisotropy in 
in the distribution of hadron prongs as a 
function of the azimuthal angle ijj has been 
observed. The distributions are indicative of 
the polarization expected for spin 1/2 initial 
states, in agreement with expectations from 
the parton model. Furthermore, we observed 



tha t a t t h i s energy the hadron d i s t r i bu t ions 
are no longer consistent with phase space but 
ra ther showed marked " j e t " c h a r a c t e r i s t i c s . 
This means that for given events we find a j e t 
axis with respect to which the hadrons d i s t r i ­
bute themselves with low t ransverse momentum. 
This feature i s again in accord with the parton 
model. 

All of the work reported above i s done as 
a co l labora t ive experiment among members of 
the Tril l ing-Goldhaber and Chamberlain groups 
and Group A of LBL and the Richter and Perl 
groups of SLAC, LBL s c i e n t i s t s wee respon­
s ib l e for the shower counters , endcap chambers, 
and proportional wire counters for the SLAC-LBL 
magnetic de tec tor , while the software for t rack 
reconstruct ion was a SLAC-LBL col labora t ion . 
All other equipment was constructed by the 
SLAC groups. 

Lead Glass Wall Particle Detector 
The lead-glass wall project i s for the 

construct ion of a p a r t i c l e detector at SPEAR 
tha t i s sens i t ive to photons and e l ec t rons . 
The apparatus cons is t s of an assembly of lead-
glass shower detec tors combined with t rack 
chambers, which w i l l be attached to the outside 
of the SPEAR magnetic de tec tor . After the 
events have been tagged as having an e lect ron 
or photon shower, the information from the 
magnetic de tec tor wi l l be used to study the 
production of these p a r t i c l e s in conjunction 
with the charged p a r t i c l e s detected. 

The device w i l l be used to study anomalous 
e lec t ron production and production of photons 
and TT°'S in e + e " ann ih i l a t ion at SPEAR. The 
pri_-nary aim i s to search for and tag events 
which might a r i s e from the production and the 

leptonic or semi-leptonic decays of new 
p a r t i c l e s (charmed p a r t i c l e s , heavy leptons , 
or any new ob jec t s ) . The apparatus proposed 
wi l l also be able to measure inclusive produc­
tion of y rays above 100 MeV and TT 0 , S above 
500 MeV/c. 

This work i s a col laborat ion among SLAC, 
the University of Hawaii, and LBL. The 
respons ib i l i ty for building the apparatus has 
been divided between LBL and SLAC. Ihe s t a f f 
a t LBL i s responsible for bui lding the lead-
glass counters with the associated e lec t ron ics 
and monitoring system and t h e i r supporting 
framework. The e lec t ron ics for the energy 
t r i gge r in the lead-glass array i s also being 
designed and bu i l t a t LBL. A se r i e s of t e s t s 
was carr ied out at the MARX I I I acce lera tor 
at Stanford to determine the optimum glass 
type and photomult ipl iers for lead-glass 
Cerenkov counters . In addi t ion , the energy 
resolut ions of a va r i e ty of d i f fe ren t counter 
geometries were measured. 

So fa r , 57 of the 318 lead-glass counters 
needed for the array have been b u i l t . This 
f ract ion of the f inal lead-glass wall i s now 
being studied in an e lect ron and pion beam at 
SLAC to t e s t a l l the components, as well as to 
study the e A separation c a p a b i l i t i e s of the 
system. I t i s designed to achieve a it/e 
re jec t ion of 2 x 10 a t 1-GeV ir/e energy. 
The components we have t e s t ed so far are 
(1) Lead-glass counters , (2) Light-emitt ing 
diode (LED) system for monitoring the phototube 
gains to a few percent , (3) Adders (e lec t ronic 
devices to add the energy deposited in a row 
of counters) , which are pa r t of the t r i gge r 
system. System automatic d i g i t a l converters 
for data acqu is i t ion , which were designed and 
b u i l t a t LBL, wi l l soon be t e s t ed . 



Blocks o f lend g l a 
a r e p o l i s h e d in t h e g l a 
shop a t LBL u n d e r t h e d 
r e c t i o n of J a c k B r o d e , 
and w i l l be u sed t o fo r 
t h e " l e a d g l a s s w a l l " 
e l e c t r o n shower d c t e c t o 
t o be used in c o n j u n c t i 
w i t h t h e SPI-AR m a g n e t i c 
d e t e c t o r . 
(CBB 765-391)4) 

Data Analysis Systems 
Unti l December 1975 we maintained a 

completely independent system for data analys is 
s t a r t i n g with raw tapes f i l t e r e d for cosmic-ray 
events and using the LBL computer system. This 
analys is system, independently operated from a 
s imi la r one a t SLAC, has proved extremely 
valuable in a l l instances of cross checking 
the v a l i d i t y of observed effects in the data. 
S ta r t ing in January 1976 i t wi l l be possible 
to work confidently with the data at the t rack-
reconstructed l e v e l , when t h i s operation is 
ca r r ied out at SLAC. A de ta i l ed analysis of 
the physics r e s u l t s i s continuing. In p a r t i c ­
u l a r , we have developed a t i e - i n to bubble-

chamber kineinatic f i t t i n g programs, which may 
be used to improve the raw measurements by 
kinematic f i t t i n g . 

Mark If Magnetic Detector 
We have continued design s tudies for The 

Mark II magnetic de tec tor , scheduled for 
i n s t a l l a t i o n at SPEAR in 1977. A small model 
of t h i s system was tes ted at S1.AC, and the 
r e s u l t s obtained for energy resolut ion are 
consis tent with expectat ions based on shower 
development theory. The planned detect ion 
system of lead- l iquid argon shower counters 
wi l l y ie ld both energy measurements <ind posi ­
t ion information on electron and gamma-ray 



A p r e l i m i n a r y t e s t model o f t h e 
l i q u i d a r g o n shower c o u n t e r i s b e i n g 
examined by Donna J o n e s and Don B r i g g s 
of t h e T r i U i n g / G o l d h a b e r Group . Th i s 
model w i l l p r o v i d e b a s i c d a t a f o r t h e 
i n i t i a l d e s i g n of t h e f u l l - s c a l e model 
t o be u s e d a t SPIIAR. 
(CBB 7510-8087) 

showers, as well as p i -e lec t ron separat ion. 
Design s tudies are in progress for the fu l l -
s ize shower counters that wi l l completely 
surround the three-meter diameter Mark II 
olcnoidal magnet. 

2. PEP Studies 

Increasing effor t i s being d i rec ted toward 
PHP, both in the development of advanced 
technology, and in the considerat ion of e e 
physics and the design of new experiments and 
de tec to r s . Major pro jec ts now under develop­
ment arc the time project ion chamber, the PI-P 
streamer chamber, and the construction of 

superconducting solenoids to be used with 
detection chambers. 

Closed-circuit t e lev is ion meetings 
between I.HI, and S1..\C f a c i l i t a t e progress 
on PI-P. LBL Director Andrew Sess lcr ( l e f t ) , 
ha l t H;«rtsough, (r ight f ron t ) , Tom I-lioff 
and others pa r t i c i pa t e in the f i r s t PEP 
lixpcriemental Program Committee r.*.*etings. 
|\BR "54-251UI 

Time Projection Chamber 
The time project ion chamber project i s for 

development and construct ion of a charged 
p a r t i c l e detector for PEP and wi l l allow viewing 
of the e n t i r e 4n of so l id angle around an in te r ­
act ion region. In t h i s program we are exploring 
the f e a s i b i l i t y of new ideas in d r i f t chamber 
technology, such as suppression of e lec t ron 
diffusion by magnetic f ie lds and detect ion 
techniques that provide i n t r i n s i c a l l y th ree-
dimonsional da te . Such a p a r t i c l e de tec tor 
wil l of fer dramatical ly improved pat tern recog­
n i t ion in h igh-mul t ip l ic i ty even ts . The basic 
advantages of t h i s detector concept r e su l t from 
the configuration of parallel magnetic and 
e l e c t r i c f i e ld s . Track images ( i . e . , the 



ionizat ion e lec t rons l e f t behind by a high-
energy p a r t i c l e ) are d r i f t ed through an argon-
methane mixture to a plane of wi res , which 
gives a measurement of dE/dx through pulse-
height information as well as l oca l i s a t i on of 
the t r a j e c t o r i e s through induced pulses on a 
segmented cathode plane. The resolu t ion of 
dE/dx wi l l be r 2$ in giving p a r t i c l e mass 
i d e n t i f i c a t i o n , even in the r e l a t i v i s t i c region. 
The sens i t ive so l id angle of the device should 
be approximately 90* of 4ir. Nfomentum resolut ion 
wi l l be U . 

Important t ime-project ion chamber s tudies 
completed t h i s year follow: 

• Extensive h'gh-accuracy measurements 
of t ransverse uiffusion of e lec t rons in 
various mixtures of argon-methane have been 
completed. The measurements were done with 
and without magnetic f i e ld , and the r e s u l t s 
show that subs tan t ia l suppression of 
e lec t ron diffusion does occur, allowing 
t rack t r ans l a t i on over large dis tances 
without serious degradation. For example, 
the r e s u l t s show that t ransverse diffusion 
of only 170 microns is observed (with 
magnetic f ie ld) a f t e r a d r i f t length of 

15 cm; without magnetic f ie ld , the diffusion 
is ten times g rea te r . 

• The ef fec ts of nonparallelism of the 
magnetic and e l e c t r i c f ie lds have been 
studied experimentally. The r e s u l t s a re 
in good agreement with a r e l a t i v e l y simple 
model, which ignores the longi tudinal 
d r i f t . From t h i s work i t appears tha t the 
f ie ld qua l i ty needed i s on the order of 

* 1/3*. Although demanding, t h i s qua l i ty 
of f i e ld appears p r a c t i c a l . 

• An evaluat ion of a l t e rna t i ve readout 
schemes has led to the conclusion that the 
optimum geonistry i s a plane of proport ional 
wires with a segmented cathode plane. This 

approach preserves the i n t r i n s i c a l l y three-
dimensional qua l i ty of the data and makes 
maximal use of a l l e lectrons in the t r ack . 

• Studies of dE/dx are in progress at the 
Bevatron. These s tudies wil l provide data 
for optimization of a la rge-sca le prototype 
t ime-projection chamber as well as new 
information about energy loss in extremely 
th in absorbers. A 48-wire system is 
operat ional and over two mil l ion t r i gge r s 
have been co l lec ted . 

Streamer Chamber 
Recent PEP Summer Studies have described 

a proposed general purpose streamer chamber 
f a c i l i t y that uses an array of 200 charged 
couple device (CCI1) sensors to record the 
streamer chamber t r acks . A program i s in 
progress to t e s t t h i s concept and uses a s ingle 
CCD camera to image the LBL streamer chamber. 
Successful t e s t s would be encouraging for a 
PEP detec tor co l labora t ion . 

The 1975 PEP Summer S tudy b r i n g s 
t o g e t h e r an i n t e r n a t i o n a l g roup of 
p h y s i c i s t s f o r a m o n t h ' s i n t e n s i v e s t u d y 
of t h e d e s i g n and c o n c e p t o f d e t e c t o r s 
and e x p e r i m e n t a l a r e a s . 
(XBB 758-6182) 



A prototype CO) camera, including a 
driver/amplifier and C.AMAC module for scan 
readout controls, is being built. It incorpo­
rates a Fairchild CO) 221 to study its feasi­
bility as the basic module for a Pi;i' Streamer 
Giambcr readout system. The large d>namk' 
range of the CO) makes it suitable for particle 
identification based on the relativistic rise 
in ionization in the streamer chamber gas. 

Superconducting Solenoids for Use with 
Particle Detectors 
There is a class of detectors that will he 

used around storage ring accelerators that will 
require superconducting solenoids with high 
current density. Inside the coil the momenta 
of the charged particles will be measured by 

using magnet i: field.-, of 1.0 to 2.0 tesla. 
Information about, charged or neutral particles 
outside the coil that h^ve traversed the coil 
will be collected by other detectors (Cercnkov, 
shower counters, etc.) Coil diameters of 1 to 
2 mtypically are considered. Two types of 
magnets are considered: (a) the continuous 
solenoid with a minimum thickness because of 
absorption and electromagnetic showering, and 
(b( the lumped coil magnet with coils subtend­
ing the minimum possible solid angle around 
the beam intersection. 

Studies of different magnet configurations 
have been performed before and during the 19~5 
PI-I1 .'iummer Study. A continuous solenoid has 
been designed, which is 1 m in diameter, 1/3 
of a radiation length in thickness and consists 

A new concept in mag­
net design was es tab l i shed 
when th i s one-meter-
diameter superconducting 
solenoid successful ly per­
formed at i t s design 
current of 700 amperes. 
This success was achieved 
by using a new technique 
of inducing gent le quenches 
under cont ro l led condit ions 
and gradually increasing 
the energy up to ful l de­
sign cu r ren t . Leading the 
team are Phil ippe Eberhard 
f r i g h t ) , phys ic i s t in 
charge; Michael A. Green 
( l e f t ) , chief design engi­
neer; and John D. Taylor, 
coordinator of the t e s t 
se tup . 
(XBB 7512-8779) 
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of four ident ica l modules. TVo such modules 
have been b u i l t , and one has been tes ted to the 
full design current , 700 A. For t h i s t e s t , an 
o r ig ina l t e s t i ng method has been used and the 
p roper t i e s of quenches have been studied to 
help improve future designs. 

3. SLAC Experiments 

In col laborat ion with groups from the 
California I n s t i t u t e of Technology and Stanford 
Linear .Accelerator Center, we are studying the 
d i f f r ac t i ve production and decay of nucleon 
isobars produced by 14-Geiyc pions . Counters 
and wire spark chambers are used to t r i gge r 
the SLAC 40-inch hydrogen bubble chamber on 
p ic tu res that have a fast outgoing track of 
more than 8 GeV/c. The external measurements 
of the fas< forward track allow both an e f f i c ­
ient t r i g g e r and increased reso lu t ion . Some 
400,000 p ic tu res with incident TT~ and 600,000 
p ic tu res with incident TT have been taken. 

Work was completed on several s tudies that 
used the 700,000 p ic tures that were taken in 
1969 of 7.1 GeV/c n + in te rac t ions in the SLAC 
82-inch hydrogen bubble chamber. IVe have 
completed a de ta i l ed sp in -par i ty analys is of 
the B meson and es tabl ished the existence of 
a high mass t , A study was made of backward 
e l a s t i c TT p s c a t t e r i n g at 3.7 and 7.1 GeV/c, 
and an analys is of n and n' production a t 7.1 
GeV/c was completed. 

The measurement, reconst ruc t ion , and 
p a r t i c l e iden t i f i ca t ion for 120,000 *~p events 
and 160,000 TT p events have been prepared. 
This work was done at SLAC as a Cal Tech, LBL, 
and SLAC col labora t ion . 

Several facets of the analysis are in 
progress . In order to study proton d i f f rac t ion 
i t i s necessary to ident i fy all of the exchange 
mechanisms that contr ibute to the sample: a 
study of the t ransverse momentum d i s t r i b u t i o n 
has provided insight in to the r e l a t i ve amounts 

of the various exchange processes. The N* 
production is compared with that found at much 
higher energies at the ISK in order to assess 
the energy dependence of di f f ract ion. A new 
s t a t i s t , al t e s t of factor izat ion lias been 
developed, and i t s appl icat ion to the data i s 
in progress . 

4. FNAL 

7T~p Charge Exchange Scattering and 
Rfigge Trajectories 

This proj -ct concerns the - p react ions 
( I ) - r ' p * TT° n , (2) Ti'p - n n , (3) n ' p - r* + 

anything, and (4) * p - n° + neu t r a l s , in the 
energy range of 20 to 200 GeV/c. Analysis of 
the data has been completed. The- d i f f e ren t i a l 
cross sect ions for both react ions have steep 
forward peaks with small dips a t t = 0 . The 
presence of t h i s forward dip suggests that a 
strong s p i n - f l i p contr ibut ion to the sca t te r ing 
amplitudes p e r s i s t s a t high energ ies . In 
react ion (1) there i s a break in the d i f fe r ­
e n t i a l c ross-sec t ion slope near the value 
- t = 0.6 (GeV/c) . This s t ruc ture is observed 
up to the highest energy measured. Both 
d i f f e ren t i a l cross sect ions were integrated 
in t to obtain t o t a l cross sec t ions . 

Reactions (1) and (2) a re c l a s s i c from 
the point of view of the Regge pole model. 
Each react ion is dominated by the exchange of 
a s ingle Regge t r a j ec to ry , i . e . , the p in 
react ion (1) and the A, in react ion (2 ) . 
Effective Regge t r a j e c t o r i e s have been computed 
to show that these t r a j e c t o r i e s nre not l inear 
but tend to flatten out a t higher values of - t . 
In addi t ion , the p and the A, t r a j e c t o r i e s are 
not exchange-degenerate. Although the data 
otherwise f i t a model of the Regge form, the 
usual two assumptions of exchange degeneracy 
and l i n e a r t r a j e c t o r i e s are not supported by 
the da ta . 



In addi t ion , the t = fl cross section from 
reaction (1} can be used to determine the 
difference between the r p and r p to ta l cross 
sect ions . Wc have made th i s computation and 
i t show; that our r e su l t s agree very well with 
the to ta l cross section measurements from FNAL. 

The data- taking pha/.e of an experiment 
has been completed in which the inclusive 
production of T D and n at large transverse 
momenta (P.) in i~p, pp, and K p in te rac t ions 
are being studied. The experiinent provides 
the f i r s t de ta i led comparison of t h i s unusual 
production phenomenon between these various 
react ions at high energies and hence should 
yie ld s ignif icant information about the possible 
quark or parton s t ruc tu re of these p a r t i c l e s . 

At beam momenta of 100 and 200 GeV/c,data 
w?re col lected foT center-of-mass production 
angles (&__,) from about 10 to 110 degrees. 
Thus far , onlv the TT'P and pp data near 9 _ = 

' ' cm 
90 deg have been analyzed. In the t ransverse 
momentum (P,j region s tudied, 1 to 4 GeV/c, the 
measured invariant cross s e c t i m s for inclus ive 
IT0 production vary by about a factor of a 
mil l ion. The r a t i o of inclusive v" production 
sec to rs , R(p/n) = o(pp ^ n 0 + X)/o(irp - TT°X) , 
decreases with increasing P̂  ard i s independent 
of beam energy when expressed as a function of 
X, = Pi/I ' - A comparison of the data with 
predict ions of various theore t ica l models 
indicates s igni f icant disagreement in every 
case. In p a r t i c u l a r , models that assume quark-
anti-quark "fusion" in te rac t ions as dominant 
production mechanisms can be ruled out . This 
i s a col laborat ion with BNL and the California 
I n s t i t u t e of Teclmology. 

Test of the Triple Regge Formalism 
Preparations have been completed for a 

new experiment which wi l l inves t iga te the 
reaction v'p •* TT° + anything in the forward 
d i rec t ion . The tr iple-Regge formalism has been 
successful in f i t t i n g the pp inclusive cross 

sect ions in the kinematic region 0.8 ** x < 1.0, 
but since the iormalism has so many free 
parameters in pp in te rac t ion , t h i s i s not a 
very conclusive t e s t . The triple-Regge predic­
t ion for the react ion T. p •* -° + anything i s 
very simple by comparison, and the measurement 
of t h i s inclusive cross sect ion should provide 
a de f in i t ive t e s t of the tripie-Regge theory 
and extend the knowledge of the p t ra jec to ry 
to much la rger values of the momentum t rans fe r 
than are now access ib le . 

The react ions involved are v p •*• ( r ° , n , 
LO, . . . ) + x a n d Ti"p •+ ( n 0 , n , w , . . . ) * X Q . 
These include (3) and (4) as major contr ibut ions. 
In reaction (3) , X includes both charged 
and neu t ra l p a r t i c l e s in the f ina l s t a t e , and 
in react ion (4) , X5 includes only neut ra l 
p a r t i c l e s . The TrD(or n, u, e t c . ) appears in 
the largely unexplored kinemp;ic region in 
which the reac t ion is nearly e l a s t i c , i . e . 
where x = Pi/P-nav l i - e s between 0,8 and. 1. The 
momentum t rans fe r that wi l l give P in t h i s 
range l i e s between 0 and ?, (GeV/c) ". The new 
triple-Regge theory allows a determination of 
the p t ra jec tory from these data. The much 
larger cross sect ion for i n e l a s t i c reac t ions 
permits a c l ea r measurement of the p or A-, 
t r a jec to ry out to values of - t tha t are 
subs tan t i a l ly larger than can be reached when we 
observe only e l a s t i c charge-exchange reac t ions . 
A secondary object ive i s t o t e s t the new t r i p l e -
Regge theory in v p react ions in the regions 
where e l a s t i c and inclusive data over lap. One-
pole exchanges are simple to handle and the 
theory makes predic t ions that are unambiguous. 
Comparison of t r a j e c t o r i e s from e l a s t i c data 
via conventional Reggeism and from inclusive 
data via triple-Regge theory should provide a 
de f in i t i ve t e s t for the new theory. A t h i r d 
feature of the tr iple-Regge study i s the illum­
ination of the r e l a t ions between high P^ and 
low P^ phenomena by observing these reac t ions 
in the intervening kinematic range between 
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t r iplc-Regge and high 1', regions. 
The interchange model of high I\ processes 

p red ic t s that the p t ra jec to ry wi l l asymptotic­
a l l y approach -1 at large momentum t r ans f e r s . 
This predic t ion can be tes ted by invoking the 
tr iple-Regge formalism: J-'rom preliminary data 
on 7. p - -rDn ( e l a s t i c ) i t appears that the 
predic t ion is consis tent with the da ta , within 
s t a t i s t i c s . The tr iple-Regge experiment wil l 
serve to improve s t a t i s t i c s several - fold , and 
wi l l correspondingly sharpen the t e s t of the 
Interchange Model pred ic t ion . 

The work on the above four react ions is 
ca r r ied out by Group A and the Kenney/Helmholz 
Groups in col laborat ion with the California 
I n s t i t u t e of Technology. 

Hadron Interactions at High Energy 
In col labora t ion with U.C. Davis, we have 

undertaken an exploratory program in the 15-ft 
bubble chamber at SAL to study hadron in te r ­
act ions at high energ ies . The f i r s t phase of 
t h i s program is to develop scanning and measur­
ing techniques and to develop reconstruct ion 
programs. The physics object ives of t h i s 
experiment include a search for charm, a 
d i rec t measurement of neutral-charged p a r t i c l e 
c o r r e l a t i o n s , inclusive cross sect ions for the 
production of vector mesons and A(1238), and 
a study of hypercharge t rans fe r cont r ibu t ions . 

In l a t e December 1975 we completed taking 
some 29,000 p ic tures at the Fermilab 15-ft 
bubble chamber. The chamber was f i l l e d with 
l iqu id hydrogen and exposed to a beam of 400-
GeV/c protons. For analyzing t h i s film we have 
modified one scan tab le and are modifying a 
second to provide two magnifications of the 
projected image, with a factor of approximately 
3.5 between the two s i z e s . These tab les are 
also equipped with image-plane d i g i t i z e r s , 
which wi l l be used to guide the machines that 
measure events . The reconstruction programs 
have been t e s t ed and successfully used t o 

reconstruct events from t h i s film. I'rel imin.'w'y 
scanning and measuring are now underway while 
further refinements are made to the analysis 
chain. 

Neutrino Interactions 
The large capab i l i ty for scanning and 

measuring streamer and bubble chamber film 
has been devoted primarily to several neutr ino 
experiments nm at the Fern: lab 15-ft bubble 
chamber, in which the group is col laborat ing 
with other users with less scanning and 
measuring c a p a b i l i t i e s . 

Neutrino in terac t ions in the IVrmilnb 
15-ft bubble chamber have been studied with 
the chamber f i l l ed with e i ther hydrogen or 
uith a mixture of ?5% neon and hydrogen. 

The important physics topics that have 
been studied thus far in neutrino-proton in te r ­
actions in hydrogen are deep ine l a s t i c i n t e r ­
ac t ions , d i f f rac t ive e l a s t i c production, 
s i ng l e -pa r t i c l e hadron inclusive d i s t r i b u t i o n s , 
£ production, inclusive neutral current 
production, strange p a r t i c l e production, and 
search for exot ic s t a t e s . 

Evidence for the existence of a p a r t i c l e 
with en t i r e ly new physical proper t ies was found 
in scanning a portion of the 80,000 p ic tu res 
taken with the neon-hydrogen mixture. Events 
of the type e u~K° were observed that had the 
property or "quantum number" that may cor re­
spond to the one ca l led "charm" predicted by 
theor i s t s several years ago. This i s an Hawaii-
LBI.-Wisconsin col labora t ion . 

The TT p and pp in te rac t ions have been 
studied at 100 and 20.T GeV/c. The FMU 30-inch 
hydrogen bubble chamber has been exposed to 
unseparated pos i t ive beams of 100 and 200 GeVVc; 
the iden t i ty of the incident p a r t i c l e was tagged 
by using a Cerenkov counter and multiwirt* 
proportional chambers placed in the beam. This 
system was designed and bu i l t by an FNAL-MIT 
col laborat ion. A t o t a l of 1011,000 and 70,000 



A s i m u l a t e d . l e u t r i n o i n t e r a c t i o n , 
v + p •* P " + P + ** , in t h e 1 5 - f o o t 
b u b b l e chamber a t I - 'ermilab. The u" 
p r o d u c e d p a s s e s e a s i l y t h r o u g h t h e 
s u p e r c o n d u c t i n g magnet c o i l s and h i t s 
t h e e x t e r n a l muon i d e n t i f i e r fEMI) p l a n e 
a l o n g t h e t r a j e c t o r y o b s e r v e d in t h e 
chamber . The tr + h a d r o : i n t e r a c t s in t h e 
z i n c be tween t h e magnet c o i l s , and does 
n o t a p p e a r in t h e r e g i o n e x p e c t e d by 
e x t r a p o l a t i n g i t s t r a c k t o t h e EMI. The 
p r o p o r t i o n a l chambers a r e mounted d i r e c t ­
ly on t h e vacuum t a n k t o maximize t h e 
s o l i d - a n g l e c o v e r a g e . 

p ic tures were taken at 100 and 200 GeV/c 
incident momentum respec t ive ly . This i s a 
col laborat ion with il.C. Ilavis. 

Search for High-Mass Mesons (i> Pa r t i c les ) 
Stimulated by the discovery of the <^,|^ 

and ifi' p a r t i c l e s , a search was made for n;.-row 
high-mass mesons via t h e i r photon decay modes. 

The react ions studied were r + p-'my + n (or N'*j 
at 1 OH GeV/c, where m is The number of photons 
h i t t i n g the de tec tor . For example, peaks in 
the 2y mass spectrum would represent p a r t i c l e s 
with C = even and spin J = even. We are in the 
process of data ana lys i s . Thus f a r . n o evidence 
of the production of new p a r t i c l e s with masses 
in the range 0,4 to 5 GeV/c has been found. 

As a by-product, highly accurate data on 
a var ie ty of two- and three-body f inal s t a t e s 
such as •" p - nw, n n ' , n f ° , r I.TTM have been 
col lec ted . 

Deep Inelastic Muon -juaaer'.ig 
The scale invariance of electromagnetic 

in terac t ions has been tes ted in deep- ine las t i c 
muon sca t t e r i ng . All data from the experiment 
have been reconstructed, moment'am-fit, and 
compared to Monte Carlo simulat ions. Recent 
analysis has shown c lear evidence for deviat ions 
from Bjorken sca l ing . We have a new experiment 
under way in the Fermilah muon beam, which has 
the following physics object ives: 

• to search for heavy neutral mesons 
predicted by gauge t h e o r i e s ; 

• to study deep- ine las t ic v i r tua l Compton 
s c a t t e r i n g ; 

• to measure the deep- ine las t ic muon 
sca t t e r ing s t ruc ture function a t very 
high momentum t r a n s f e r s ; 

• to invest igate the q -dependence of 
v i r tua l photoproduction of dimuon s t a t e s 
O ' s and s t a t e s of higher mass). 

Our preparat ions for an experiment to 
explore ra re muon-induced react ions a re well 
under way. The magnet design was completed at 
LBL ear ly in the year; Fermilab has approved 
the design and has s o l i c i t e d bids for the magnet 
materials and fabr icat ion. Prototypes of the 
proportional chambers and of the associated 
e lec t ron ics have been constructed and are under 
t e s t . The calorimeter counters have been 
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fabricated and are being tested. Tine stability 
of the photomultipliers is being studied 
extensively for improving the calorimeter 
performance. Mante Carlo studies have been 
carried o^t to improve the trigger efficiency; 
fabrication of the trigger counters will be 
completed this year. Effort has begun on 
development of both thi on-line data acquisition 
programs and the off-line analysis programs. 
This is a collaboration with FNAL and Princeton. 

Polarization Studies 
Preparations for the measurement of the 

polarisation parameter in high-energy TT~P, K~p, 
and pp scattering are being made at FNAL. The 
apparatus is complete in the sense that all 
components have been shipped to Fermilab that 
are essential to the polarization measurements. 
Seven of the eight multiwire propoitional 
counters (MWPC) are connected to the system 
and will be reading in data in early 1976. 
Beam tune-up a"." some equipment tests have 
already been accomplished. Further tests are 
in progress and significant data-taking should 
be in progress by April 1976. Additional 
equipment is needed - another very large AfWPC 
is being constructed so t-.at the Wolfenstein 
parameter D can be measured simultaneously 
with the polarization P. This experiment is a 
collaborative effort involving physicists from 
Harvard, Yale, Argunne National Laboratory, 
Fermi National Accelerator Laboratory, and LBL. 

5. BNL 

K"p Charge-Exchange Scattering 
A bubble chamber experiment has been 

completed on the react ions K~p •* Air0, I 3 * 0 and 
K p •* JCp, K°n covering the K momentum region 
220 to 470 MeV/c. A coupled-channel p a r t i a l -
wave analysis of these reac t ions , covering a l l 
momenta up t o 470 MeV/c, has a lso been carr ied 
out . 

Experiments are in progress ,-jt Brookhaven 
to measure the to t a l K p charge-exchange cross 
section as well as the charge-exchange angular 
d i s t r ibu t ion in the moment tin range from 400 to 
1100 MeV/c. The same apparatus wi l l be used 
for studying the total cross sect ions of K~n -• 
KDn and pp •+ mi. 

These experiments have a lso led to 
measurements of the t o t a l cross section and a 
se r i e s of d i f f e ren t i a l cross sect ions for 
K"p - K°n in the region from 500 to 1100 
MeV/c - a search for baryon resonances in the 
K-nucleon system. The K-nucleon system 
requires a much more conirlicated partial-wave 
analysis than does the pion-nucleon system 
primari ly because of the existence of several 
channels (Kn, An, £TT) that must be analyzed 
simultaneously. Currently a unique phase-shif i 
solution cannot be obtained due to the lack of 
precise data. Current analyses are ambiguous, 
espec ia l ly in the region from 600 to 800 MeY/c, 

Some uncer ta in ty ex i s t s with data around 
900 MeV/c. Some analyses need one resonance 
to f i t the da ta , while another requires two. 
The charge-exchange react ion is of pa r t i cu l a r 
in te res t because it represents the difference 
between two isospin amplitudes (.1 = 1 ar'* 1 = 0 ) , 
and thus i s sens i t ive t o small changes in 
e i t h e r one. A recent BNL experiment tha t 
measured K p and K d t o t a l cross sect ions 
found bumps in the K 1 = 1 t o t a l cross sect ion 
a t 540 MeV/c and 600 MeV/c, which they in te r ­
preted as possible new resonances. 

The experimental work on the charge-
exchange t o t a l c ross-sec t ion measurement was 
completed in March 1975, and the data analys is 
i s now nearing completion. No evidence is 
found for the bumps observed by the BNL exper­
iment, but a new s t ruc ture has appeared: a f la t 
shoulder in the region from 850 to 925 MeV/c. 
These data should provide s ign i f ican t new 
cons t ra in ts on the part ial-wave analys is since 
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it represents an i.Tiprovement in statistical 
accuracy by a factor of SO. 

A significant effort this year has been 
Lirectcd toward the differential cross-section 
measurements, We assembled, tested, and 
operated an almost completely new sot of 
expel iinental api^utus at BNL, and yet in 
spite of this, the experimental work should be 
completed by May 1976. Some preliminary data 
analysis has already been done, but the major 
work will not be done until after the experi­
mental running is completed. Here also a 
significant improvement in the data has been 
achieved, increasing the accuracy by a factor 
of 25. 

pp Reactions 
In addition to the above experiments, a 

third experiment has been completed, which 
involved modifying the apparatus used in 
measuring the K p charge-exchange total cross 
section in order to measure the pp -*- nn total 
cross section from 300 to 1000 MsV/c. This 
reaction is currently of great interest. One 
theoretical model suggests the existence of 
several resonances in the nh system in this 
energy region. Also, a recent experiment 
found evidence for a narrow resonance with 
mass 1432 t 9 MeV (475 MeV/c) in the pp total 
cross section. Experimental work and analysis 
is now complete, and although the momentum 
resolution is rather large, ± 20 MsV/c, no 
evidence for this resonance is round. The 
data are consistent with the BNL data only if 
the resonance has the unlikely spin value of 
J > 1 4 . 

6. Bevatron 

Kaon Form Factor 
A K°u3 po la r iza t ion measurement of the 

rea l and imaginary pa r t s of the kaon form 
factor was made by determining the var ia t ion 

of the muon po la r i sa t ion di rect ion in K au3 
decays as a function of the kinematic configu­
ra t ion of the decay. We have completed the 
ana lys i s . I f we assume A=0 (no q dependence) 
and ImC = 0, we obtain £(0) = 0.178 ± 0.105, 
h\ corn i ,ii. i w u l b of previous polar ­
i za t ion experunents, t h i s r e su l t i s in s t a t i s ­
t i c a l agreement with o ther recent r e s u l t s 
obtained from s tudies of the Dalitz plot 
d i s t r ibu t ion from K°u3 decays. I f i t i s 
assumed that Im£ i s independent of q , one 
finds Im£ = 0.35 t 0.30 + 0.21 Re £(0) . 

Baryon Exchange Reactions 
A current experiment on baryon exchange 

react ions i s designed t o study exchange mechan­
isms in backward TT p i n e l a s t i c s ca t t e r ing 
around 4 GeV/c. A large-aper ture Cerenkov 
counter and hodoscope were rsed to t r i gge r the 
LBL streamer chamber on in te rac t ions producing 
a fast-forward proton or K . We have completed 
p i c tu re taking, and analysis i s well under way. 

Approximately 70,000 events represent ing 
- 2/3 of the ava i lab le data have been measured 
on the COBWEB system. Programs have been 
developed to incorporate beam and downstream 
spark chamber measurements in to the streamer 
chamber measurements, s ign i f i can t ly improving 
the reso lu t ion over the bare streamer chamber 
measurements, TT p i n e l a s t i c sca t t e r ing events 
are being studied a t small u va lues . These 
data a re being used in several ways: 

• A search for backward Al and A2 
production by both N and A exchange. 

• A study of backward vector meson 
production and decay; TT p •+ pp , 
TT'P -+ N * V , ir'p •* N*°ID°. Final 

s t a t i s t i c s wi l l allow a stucy of each 
of these react ions at a level of 500 
to 1000 events . Comparisons can be 
made with react ions in which a p and w 
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,'iro o.\ch;uij','-\l. The p°- ° interference 
in t h i s backward production i s seen. 

• A stud)' of backward nucleon isobar 
production and cascading N* decays. 
Approximately 5£ of the proton t r i gge r s 
in t h i s study came from the decay of 
A 0 , s . Tliis allows the study of the 
react ion TT p > A°K*° in d e t a i l . Based 
on approximately 1/4 of the f inal da ta , 
the po la r i s a t ion of the AD a t small u 
shows a dip near u = -0 .15. 

• A search for exot ic mesons. 

7. Other 

Charge Multiplicities of Particles 
with High Transverse Momentum 

Charge m u l t i p l i c i t i e s associated with 
charged p a r t i c l e s of high t ransverse momentum 
have been s tudied. At the i£RN ISR in the 
s-range 550 to 4000 (GeV/c) , large t ransverse 
momentum secondaries (0.6 to 4 GeV/c) have been 
iden t i f i ed by using the wide-angle spectrometer 
at angles of 45, 62 .5 , and 90 degrees. Corre­
lated charged secondaries have been detected 
in a 150-element s c i n t i l l a t o r hodoscope 
surrounding the in te rac t ion region. Data for 
each p a r t i c l e type: TT", K~, and p" show tha t 
the associated m u l t i p l i c i t y increases with 
t ransverse momentum and with s , the t o t a l 
center-of-mass energy. There are s ign i f i can t 
differences between p a r t i c l e types, however; 
the larges t m u l t i p l i c i t i e s are cor re la ted with 
protons that have large t ransverse momentum. 
This ivork was done in col labora t ion with 
Ikiresbury and Rutherford Laboratories and the 
Univers i t ies of I l l i n o i s arid Liverpool. 

pp Interactions 
The CL:RN 81-CM bubble chamber was exposed 

to ant iprotons with momenta between 1.0 and 1.6 

GeV/c, yielding 182,000 events . Hirst and 
second measurements of these events have been 
completed on the sp i r a l reader , and the data 
was analyzed at LBL and in I t a l y . This is an 
LBL, Padua, Pi^a, and Turbin col labora t ion . 

7rp Data Analysis with Barrelet Zeros 
Partial-wave analyses of TTTp e l a s t i c 

s ca t t e r ing have been car r ied out in the method 
of Barrelet zeros. Recent precis ion polar iza­
t i on measurements of t h i s react ion make i t 
possible to use t h i s powerful method and allow 
a comparison witli c l a s s i ca l methods. 

By using a l l avai lable d i f f e r en t i a l cross-
seci.ion and po la r iza t ion data on TT p e l a s t i c 
sca t t e r ing below 2.2 GeV/c, the Barrclet zero 
t r a j e c t o r i e s have been unambiguously determined, 
with suf f ic ien t accuracy to de l inea te two zero^ 
at the lower energies and s ix zeros near 1.9 
GeV. These zeros , together with the forward 
d i rec t ion phase given by dispersion r e l a t i o n , 
allow construction of the part ial-wave ampli­
tudes between 1.2 and 2.2 GeV; these amplitudes 
are found to s a t i s fy part ial-wave uncer ta in ty . 
Examination of the Barrelet zero t r a j e c t o r i e s 
corresponding to the r e su l t s of the c l a s s i c a l 
part ial-wave analyses shows important v io la t ions 
of general p r inc ip l e s , r a i s ing questions about 
the complete r e l i a b i l i t y of such part ial-wave 
analyses. 

Monopoles 
An alternate explanation of the event 

reported this year as evidence for a monopole 
has been worked out. In addition a review of 
the entire experimental situation has been 
given. 

B. Particle Data Group 

The Particle Data Center is involved in 
five active projects detailed below, which 



The P a r t i c l e Data Group compiles large masses of data into published form 
and develops the necessary computer techniques for managing the information. 
CXBB 757-5550) 

reflect four major activities: 

• Compilation of particle properties, and 
the issuance of "Review of Particle 
Properties" with i t s associnted data 
booklet 

• Compilation of cross sections, angular 
distributions, density matrix elements, 
e tc . , for particle interactions, with 
pe.iodic issuance of reports and tapes 
covering these data 

• Compilation of bibliographic informa­
tion and experiment description (beam, 

target, momentum, reactions, etc.) for 
all approved accelerator proposals, 
preprints, reports, and published 
articles in experimental particle 
physics; piiblication of an index of 
documents of beam, momentum, and 
reaction 

• Development of d computerized data-base 
management system to store, maintain, 
update, retrieve, and display the 
compiled information referred to above. 



1. Data-Base Management System (BKY-DBMS) 

The general purpose data-base management 
system (BKY-BBMS) initiated by our group has 
continued to be developed, primarily under the 
aegis of the Math and Computing group (which 
has adopted i t for general lab use) but with 
continued input from the PDG. 

2. Particle Physics Document Fife 

The application of BKY-DBNB to the manage­
ment of our "Particle Physics Document File" 
has progressed substantially. All of the 
"special processors" have been completed that 
are needed to check the validity uf file infor­
mation input and to convert this information 
to internal storage form. Trial runs of this 
system have been carried out by using that 
portion of the document file containing 
currently active accelerator.' proposals from 
all major particle physics laboratories in the 
world. This proposal file now contains some 
200 entries encoded in the standard Document 
File language. This work is being done in 
collaboration with the SLAC Library and a 
printed index of the file is soon to be issued. 
In addition to i ts own usefulness (in helping 
to prevent duplicate experiments, for example), 
this index will serve as a prototype for our 
subsequent index of al l experimental particle 
physics documents. The init ial data base for 
the complete Document File is s t i l l being 
assembled; catching up on the backlog has 
turned out to be more time-consuming than 
expected. We are, however, now adding new 
document entries to the file on a steady-state 
basis. 

3. Particle Physics Reaction-Data File 

Work is also proceeding on the "Particle 
Physics Reaction-Data File," which will event­

ually contain the actual data on reactions, 
extracted from our particle physics documents. 
Most of this work is currently being done by 
various collaborators at the California 
Institute of Technology, Durham University, 
Rutherford High Energy Laboratory, and McGill 
University. 

4. TTN Data 

The TTN data compilation, data amalgamation, 
and partial-wave analysis project has continued. 
We have completed incorporating the nn threshold 
into the parametrization of the interpolating 
surface and have extended the energy range down 
to 800 MsV. Hyperbolic dispersion relation 
constraints have been introduced into the 
partial-wave analysis, and resonance-pole 
parameters have been extracted. 

5. IRATE/OPTJK 

The IRATE/OPTIK text entry and editing 
system has continued to develop. The system 
is now capable of producing complex, scientific 
text and tables such as are found in a journal 
article. This includes equations and formulas 
involving fractions, sub- and superscripts, 
mathematic and Greek symbols, etc. Using this 
system we have produced one of the main tables 
in the "Review of Particle Properties," as well 
as several other parts of that report. 

C. Medium-Energy Physics 

The experimental program of this group in 
medium-energy physics is carried out at the 
Los Alamos Meson Factory (LAMPF) and at the 
Bevatron. When available, the 184-Inch Synchro­
cyclotron is used for testing instrumentation 
and apparatus. The emphasis is on stopped 



pions and muons, on the scattering of light 
nuclei, and on x-ray spectra from K and TT 
capture. 

One objective is to use low-energy pions 
and muons to study their intrinsic properties 
and to use them as probes for nuclei and 
condensed materials. 

1. Radiative Pion Capture in Nuclei 

The study of the radiative pion capture, 
i.e. the measurement of the high-energy gamma-
ray spectrum produced when pions are captured 
in nuclei, has been pursued in several 
directions: 

First, we have accurately fixed the inter­
pretation of the basic quantitative structure 
of the photo pion transition operator by 
comparing theory with measurements on a series 
of light nuclei. 

Second, just recently we have been able 
to make consistent comparisons of the results 
obtained on the same nuclei, with electron 
scattering, photo pion production near threshold, 
and muon capture processes, and so establish an 
accurate set of constants. 

Third, a new set of reactions is chosen to 
use radiative pion capture as a probe to study 
the excited states of nuclei. Examples of 
giant dipole states, search for quadrupole 
excitations, and other new states have been 
explored. 

Fourth, since radiative pion capture has 
been shown to introduce the same Gamow-Teller 
transitions as the axial-vector part of ordinary 
muon capture, one expects the matrix elements 
for the transitions to bound states (e.g., 
- 6, 'Li "Hey, ir" \te -+ Ty, TT" 1 2 C -* 1 2By) can 

be combined with information from other weak 
and electromagnetic processes dealing with the 
same state to test predictions from conserved 
vector current and from partially conserved 
axial current hypotheses, as for example the 

Goldberger-Treiman relation for the nuclear 
case. 

The systematic study of gamma-ray spectra 
from the capture of negative pions in nuclei 
has been an ongoing program. The current 
studies are of the three light nuclei: 14 N, 
10 B, and hi. 

The photon spectra in the capture of 
stopped pions on N and B were measured in 
the 50 to 150 NfeV region with a high-resolut ion 
pa i r spectrometer. The t o t a l rad ia t ive-capture 
branching r a t i o s are 2.13±0,21$ and 2,27±0.22%, 
respect ively for N and B, The spectrum 
corresponding t o the f i r s t 13-MeV exc i ta t ion 
in each of the res idua l nucle i C and Be i s 
dominated by the t r a n s i t i o n t o the analog of a 
giant Ml s t a t e of the t a r g e t nucleus. The 
ground-state t r a n s i t i o n s in both nuclei are 
resolved experimentally. The measured branch­
ing r a t i o for the extremely weak C (ground 
s t a t e ) t r a n s i t i o n i s (3 ±2) * 1 0 " 5 . There i s 
evidence for se lec t ive exci ta t ion of the analogs 
of the giant dipole spin- isospin s t a t e s of 7*, 
of which the 3" component appears to be the 
s t ronges t . In B the t r a n s i t i o n strength to 
t?ie giant resonance region is more fragmented. 
The analysis employed an impulse-approximation 
Hamiltonian with amplitudes taken d i r e c t l y from 
the fundamental process on the nucleon, n° +p 
•+ n + Y, and shell-model wave functions obtained 
by using r e a l i s t i c in te rac t ions in the I s , l p , 
and 2s- ld s h e l l s . Als" , a ca lcula t ion for the 

C (g.-.tund s t a t e ) t r a n s i t i o n from Is capture 
was done by using the "elementary-part icle soft 
pion" hypothesis . 

The photon spectrum from the pion capture 
" + h\ •* 3ny was measured, as K, 

. 10* and B above. All previous investigations on 
the A= 3 reactions are plagued by the fact that 
although a (3p) or (3n) system is produced, 
there is at leasr cne additional strongly 
interacting particle in the final state. The 
reaction that we studied, TJ"^ •+ 3ny, has only 



an ext ra photon in the final s t a t e . A previous 
experiment, ir ^ie •* tiny or prury, demonstrated 
that r a d i a t i v e capture of the stopped pions 
produces final s t a t e s in which three nucleolus 
a re p re f e r en t i a l l y found with low r e l a t i ve 
momenta — a favorable s i t ua t ion for the search 
of resonant s t a t e s . None were found, but since 
T = l / 2 channel contr ibutes most of the r a t e 
(82-;.), poss ible s t ruc tu res of the weaker T - 3/2 
channel could have been obscured. The measured 
branching r a t i o (TT + T-l - nnny)/U + "TI -* nnny 
or nnnl i s 4 . 5 * 0.8%. The shape of the photon 
spectrum was in sa t i s fac to ry agreement witli 
t heo re t i ca l c a l cu l a t i ons , which included final 
s t a t e in te rac t ions among the three neutrons. 

2. Elastic Scattering of Alpha Particles 
from Helium 

.An experiment on c l a s t i c sca t t e r ing of 
alpha p a r t i c l e s from helium at equivalent 
proton bombarding energies of 400 MeV and 1 GeV 
has been completed at the Bevatron. This 
experiment was designed for two purposes: 
(1) to study the four-momentum t ransfer region 
between 0.1 and 0." (fieV/c)~ at 1-GeY bombard-
ing energy, since in t h i s region there is a 
large discrepancy in data taken at BN1. and 
Saclay, and (2) to provide data at 400 MeV to 
help us understand the ra ther remarkable energy 

4 
dependence of p He e l a s t i c in the intermediate 
energy range below 1.1 GeV. The data set i s 
complete, and the analysis of the data i s qu i te 
far along. 

3. Elastic Scattering of Protons from Helium 

Elas t i c sca t t e r ing of 4.9- and 2.8-GeV 
protons from helium has a lso been invest igated. 
In the energy region of 1,1 to 25 GeV (CIIRN) 
there a re no published data on t h i s reac t ion . 
There i s a very remarkable difference between 
the r e l a t i ve ly shallow minima observed at 

energies below 1.1 GcY and the deep minimum 
observed at 23 GeV. The measurements discussed 
in t h i s section span some of the intermediate 
range and thus provide data on the energy 
dependence. Also the measurements at -I.D GeY 
extend to large four-momentum t ransfe rs at 
small angles because of the high momentum of 
the p r o j e c t i l e (3."5 GeY/c). The angular range 
is small enough at t h i s energy so that multiple 
sca t te r ing theor ies which depend on the va l id i ty 
of the eikonal approximation can lie used. This 
removes one obstacle towards making a s i gn i f i ­
cant comparison of the data with nuclear models 
for helium. Hie data set is complete and the 
analysis is being pursued. 

The magnetic spectrometer bu i l t for th i s 
experiment and for research in heavy-ion 
physics lias undergone a number of modifications: 
The event ra te of the system was increased by 
replacing the 4-;isec delay l ines with the 1.2-
usec delay l ines in the la rge , e x i t , wire 
chambers. IJOW noise amplifiers and timing 
discriminators with slewing times less than 
± 300 pscc were designed and bu i l t for thesi-
appl ica t ions . 

4. Properties of Nuclei 

We are continuing research on the proper-
t i c ; of nuclei by using p a r t i c l e in terac t ions 
in the 100 MeV to 1 GeV range. Some of t h i s 
work was s ta r ted at the 184-Inch Synchrocyclo­
tron and is being continued at the Bcvalac and 
at IAMPF. 

The Bcvalac is being used a l so in a study 
of the proper : . c s of the l ight nuclei "II, "11c, 
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and He. The c l a s t i c cross sect ions a t medium-
to large-momentum t ransfers are being measured 
so that wc may understand the wave function 
s t ruc tu re , p a r t i c l e co r r e l a t i ons , and the 
v a l i d i t y of the Glauber model. 

Ihe experimental program at the Bevalac ::• 
a col laborat ion with IK'AA. 



Ifcita analysis for the ~ * ey\» experiment 
performed at the 184-Inch Synchrocyclotron wis 
l>een completed. Hie ca l ib ra t ion measurement: 
on tlie lead j;lass l?erenkov counters and the 
spark cliamber system have also been finished. 

5. Chemical Effects in fi- Capture 

{•ated over a wide range of chemical compounds 
and elements at the Bevatron. We arc using 
measurements of the energies and i n t e n s i t i e s 
of the emitted x ray;, to determine proper t ies 
of the kaon-nucleus in te rac t ion . A sort of 
"mesic chemistry" is c\"olving tliat may have 
appl icat ion t» s o l i d - s t a t e and atomic p h y s i o . 

he have concluded a study of chemical 
effects in the capture of negative Anions, an 
1.HI.-Princeton col labora t ion . Materials with 
chemical s t ruc tures that are simply re la ted 
have been analyzed for t h e i r tnuonic x-ray 
i n t e n s i t i e s . By using a deexcitat ion-cascade 
computer code, we were aMe to r e l a t e tlie 
observed in tens i ty var ia t ions within the K 
:md I.-series to the tnuon angular momcntinn at 
the time of atomic capture, ihir analysis 
indicates tli.il t h i s i n i t i a l angular momentum 
is determined by the s j - c and slutpe of the 
e lect ron cloud a!»oiit each ion, A de ta i led 
final report is in preparat ion. 

In a search for hack-decav gamma ravs from 
""38 -

the sliape isomer o( " U following u capture , 
no candidates were found with y ie lds greater 
tlum 2% of the muon stoppings. The i n t e n s i t i e s 
of the gartna-rays were insufficient to permit 
de f in i t i ve l ifet ime measurements of individual 
pesks; Jwwever, for 30u-KeV cnergv r;mgcs of 
g;imma-ray pulses , l i fet imes have been del ermine J 
tluit are consistent with recent measurements 
that use decay e l ec t rons , and 3d measurements 
that are larger than f i s s ion- l i f e t ime . This 
discrepancy is consistent with s ignif icant 
isomer exc i ta t ion by the atomic cascade of the 
muon. Such exc i ta t ion may permit the use of 
muons to study (Joulomb ef fec ts on the shape -
isomer-barrier s t r uc tu r e . 

6. K~ Nuclear Interactions 

The reaction of negative kaons with 
molecules, atoms, and nuclei a re being inves t i -
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For the f i r s t t ime, the dynamic E2 mixing 
has been observed for kaonic atoms. Two molyb­
denum isotopes hie re studied ( Mo and Mo). 
The kaonic t r a n s i t i o n n = 6-* 5 was present in 
"~Mo, but was absent in due to quadrupole 

mixing with the f i r s t exci ted nuclear s t a t e , 
which caused the kaons to be absorbed from the 
n= 6 l c . e l . 

A measurement of the i n t r i n s i c quadrupole 
moment of a nucleus ( Lu) was made by s p l i t ­
t ing i t s kaonic x-ray l i n e . 

Several elements and t h e i r hybrids were 
studied to ver i fy the reduction in x-ray 
i n t e n s i t i e s due to the presence of hydrogen. 

Astrophysics, Astronomy, 
and Cosmic Rays 

1. "Rubber Mirror" 

The resolving power of op t ica l telescopes 
with apertures grea te r than 10 cm has been 
l imited by atmospheric d i s t o r t i o n ra the r than 
by d i f f rac t ion ever s ince the f i r s t astronomi­
cal telescopes were b u i l t hundreds of years ago. 
Some progress has been made with interferometers , 
but so far , complete image reconstruct ion has 
been impossible. The present project i s 
intended to e l iminate atmospheric d i s t o r t i o n in 
a ground-based te lescope through the use of a 
feed-back scheme and an op t ica l element 
("rubber mi r ro r" ) , which can compensate for 
the d i s t o r t i o n s introduced by the atmosphere. 
he have worked out and completed the theory of 
t h i s feedback scheme, which indica tes that the 
system should work for c e l e s t i a l objects 
b r igh te r than abou. 12th magnitude. The scheme 
attempts to maximize the "image sharpness" 
which can be defined as jl , where I i s the 
in tens i ty of the image as a function of the 
coordinates in the image plane. The system, 
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i m a g e . The c u r v e s a r e n o r m a l i z e d t o t h e 
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when ful ly constructed, can be conveniently 
employed on ex i s t i ng te lescopes , and i s 
present ly designed for implementation on a 
30-inch telescope maintained near Berkeley by 
the University of California Astronomy 
Department. 

A simple feedback system has been b u i l t 
and t e s t ed and was used t o s t a b i l i z e the fr inges 
in a Michelson interferometer against f luctua­
t ions introduced by a 1000-foot-path length 
through turbulent a i r . Then a more advanced 
version was b u i l t , which consisted of a 12-inch 
telescope and a l i n e a r array of s ix mirror 
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A page from the sc ien­
t i s t s ' notebook on the 
f i r s t successful operat ion 
of the "rubber mirror" that 
e l iminates atmospheric d i s ­
t o r t i on of a s t a r ' s image--
the bugaboo of op t i ca l 
astronomy. 
(XBB 7510-7570) 

elements driven by piezoelectric transducers. 
This new system has been attached to the 20-
inch telescope at the University of California's 
Leuschner Observatory. In spite of a prevalence 
of bad weather, the system has been used to 
make an image of Sirius whose full width at 
half maximum is one third of a second of arc. 
This is the best resolution that has been 
achieved in astronomy. 

2. Observation of Optical Pulsars by Using 
Fast Photometry 

Work on fast photometry and the study of 
the optical behavior of compact astronomical 

objects (white dwarfs, neutron stars, black 
holes) has continued. In particular, a substan­
t ial effort has been made to understand the 
optical pulsations from the x-ray source 
Hercules X-l. 

Fast photometry deals with the measurement 
of the visible behavior of astronomical objects 
on a short time scale — seconds or less. This 
technique is well suited to the study of rapid 
variations in luminosity that are seen in 
compact objects. 

Data collection systems and sophisticated 
computer programs to search for weak periodic 
signals are undergoing refinements and modifi­
cations to suit the objects under study. 
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In 19"5 we completed a major phase of the 
study of the opt ica l behavior of the x-ray 
pulsar HZ Her-Hcr X-I. By carefu l ly analyzing 
the apparent frequency of op t ica l pulsa t ions 
and comparing these with tne x-ray frequency, 
we found the masses of both s t a r s in t h i s 
binary system. In p a r t i c u l a r , the f i r s t 
accurate measurement of the mass of a neutron 
s t a r (M. r v . i = I > 3 H J n a s n e e n mi^e> 

The wavelength spectrum of these pulses 
promises s igni f icant addi t ional ins ight into 
t h i s fascinat ing binary system. Data were 
col lec ted with the 120-inch telescope and a r e 
being analyzed to determine t h i s spectrum. 

In the hope of discovering o the r op t ica l 
pu l sa r s , searches were made for opt ica l pulses 
in a number of ob jec t s . .Among these were the 
binary radio pu lsar PSR 1913+16 and another 
x-ray pulsar Centaurus X-3. unfortunately, no 
other op t ica l pulses have been detected so far. 

The mathematical theory needed to calcu­
l a t e the ec l ipse duration of binary systems 
with a p o i n t - l i k e s t a r (a neutron s t a r ) and a 
Roche-lobe-fi l l ing s t a r has been developed. 
This theory i s important for a proper i n t e rp re ­
t a t i on of the observed ec l ipses of some x-ray 
sources. 

3. Large-Scale Anisotropy of Primordial 

Black-Body Radiation 

The project to detect and map la rge-sca le 
anisotropy in the 3°K primordial black-body 
radia t ion i s continuing. If the ear th moves 

r e l a t i v e to a frame fixed with respect to the 
ancient and dis tant matter of the universe in 
which the average energy is kT, then in an 
ear th frame t h i s energy wil l he kT' = kl'[l + 
( v / c ) c o s u ) , with v the e a r t h ' s speed. 
With an angular resolut ion of 15° and a sens i ­
t i v i t y of 2*10 °K, ex i s t ing measurements wi l l 
be improved by a fac tor between 10 and 211. The 
e a r t h ' s motion being studied is from the rota­
t ion of the Milky Way galaxy, as well as the 
o rb i t of the earth around the sun. Ke wil l 
delect poss ible ro ta t ion of the universe (with 
respect to local i n e r t i a l frames) with su f f i ­
cient s e n s i t i v i t y to see less than 10 ' radians 
per age of the universe (about 10 yea r s ) . In 
addi t ion , we expect to detect anisot ropics from 
i r r e g u l a r i t i e s in the primordial plasma, which 
must have been present i f current theor i e s of 
galaxy formation aro cor rec t . Radiometers wi l l 
be flown in U-2 a i r c r a f t a t 65,000 fee t . 

lie have finished fabr icat ing the exper i ­
mental equipment, and Lockheed has finished 
modifying the U-2 upper hatch to f i t our 
experiment. The two radiometers and t h e i r 
antennas have been i n s t a l l e d in the U-2 mock-up 
and tes ted for i t s noise f igure , radio frequency 
interference sh ie ld ing , and ground loop pickup. 
After t h i s i n i t i a l checkout, the instrument was 
i n s t a l l e d in the modified U-2 upper hatch for 
fur ther t e s t i n g . Before the end of t h i s 
t r a n s i t i o n period, the equipment wi l l be 
checked out in a s e r i e s of daytime "piggy-back" 
f l i g h t s , performed simultaneously with other 
U-2 missions to study earth resonances. 



The Bay Area as viewed from a U-2 observation plane. The plane is to be used 
to carry instruments for studies of possible large-scale anisotropy of the pri­
mordial black-body radiation. An immediate objective is to look for movement 
of the earth relative to a possible fixed fiame of the universe, 
(CBB 753-1764) 



E. Instrumentation Development 

The work in instrumentation development is 
concerned with mi'Itiwire proportional counters , 
microchanncl p l a t e photomult ip l iers , d r i f t 
chambers, and e lec t ron ics for physics systems. 
Other la rge-sca le instrumentation projects such 
as the lead glass wal l , the tune project ion 
chu.iier, and the l iquid argon detec tor are 
covered in the relevant programmatic wri te-ups . 

A t h r e e - p l a n e m u l t i w i r e p r o p o r ­
t i o n a l c o u n t e r . T h i s a p p a r a t u s i s 
b e i n g u s e d fo r t h e d e t e c t i o n of p a r t i ­
c l e s h a v i n g h i g h t r a n s v e r s e momentum 
t h a t r e s u l t from t h e h e a d - o n c o l l i s i o n s 
of h eavy i o n s . 
(CBB 7310-6020) 

1. Particle Detectors 

The design of a high-resolut ion magnetic 
detector capable of extensive p a r t i c l e iden t i ­
f icat ion is underway as described in Section 
IA2, Time Projection Chamber. The design 
wiH be optimized for the study <->f weak neutra l 

currents and of p a r t i c l e s with new quantum 
numbers. \ proposal based on t h i s design will 
be sulwiiitteJ To ibe HP program committee by 
the end of li*"o. 

2. Superconducting Magnet for Detector 

'Die large solenoidal magnet used in th i s 
design requires considerahle engineering e f for t . 
A study of high-current den>ity, intriu>ii.al ly 
s t a b i l i z e d , superconducting magnet> has been 
undertaken by the l.BI. Nkchar.ica! l-.ngineering 
Hcpartment and tlie Rutherford I.aboiatory. In 
November li»"S one mod\i1e of :i solenoid that is 
one-third radia t ion length thick and of one-
meter diameter was successfully tes ted . iXir 
immediate program includes t.-sling two >:ich 
modules simultaneously in order to study quench 
propagation in coupled systems. 

3. External Muon Identifier (EMI) 

The external muon iden t i f i e r U_MI) has 
been <Jevelo|>ed a/;J is now in operation at 
Fermi lab. It cons is t s of a set of 2-\ multi-
wire proportional chambers placed behind the 
15-foot bubble chamber. The bMI was developed 
by LBL and the University of Hawaii, and 
constructed at 1.UI. with 1\A1. support. This 
system has been operational for a l l neutrino 
and an t ineut r ino runs with the 15-foot chamber. 

In October 1975, a three-day "UM1 School" 
was held at FXAL, which was attended by 50 
experimenters who wanted to learn about the 
liMI and how to operate i t . 

FNAL has approved plans for l.BL and tin. 
University of Hawaii to improve the KMI. These 
include the construction of more chambers to 
provide double chamher coverage for at least 
par t of the area , addit ion of one more channel 
of read-out on the chamhers, const met ion of 
new d i g i t i z e r s that will allow operation at 
higher <lata ra tes , and construction of a "picket 



fence" array of counter* in the bubble chamber 
vacuum to provide a prompt time signal for an 
event, so as to e f f ic t ivcly reduce the back­
ground. 

An a c t i \ v program has been underway at 
131. to develop ;md improve programs for analy­
zing the data from the 15-foot chamber - EMI 
hybrid system. 

4. Drift Chambers. Multiwire Proportional 
Counters, and Delay Lines 

A set of two, high-accuracy> cyl indr ica l 
dr i f t chambers of approximately 90 cm diameter 
and 150 cm length has been designed and b u i l t . 
In the meantime, t e s t s have been performed with 
_;mall chambers, which show, in p a r t i c u l a r , that 
these ch;uiihers can be operated in regions where 
the e lect ron dr i f t veloci ty i s sa tu ra ted . 

The c h a r a c t e r i s t i c s of a combined d r i f t 
chamber Mih lead glass p la tes and delay- l ine 
readout for gamma shower detect ion are under 
invest igat ion. 

Mich instrumentation research has concen­
t ra ted on developing various combinations of 
d r i f t and multiwire proportional chambers with 
delay l i ne readouts and other techniques. 
Considerable ef for t has been devoted to 
improving the proper t ies of electromagnetic 
delay l ines of various kinds and t h e i r associ ­
ated e lec t ron ics (low-noise ampl i f iers , low-
time-slewing d isc r imina tors ) . 

We are continuing to develop new forms of 
delay l i n e s , such as metal plated on p l a s t i c . 
For the wire-wound l i n e s , parameters have been 
varied to improve the de lay- to- r i se - t ime r a t i o 
(D/R > 50 at p r e sen t ) . Our goal i s to obtain 
the narrowest possible two-pulse reso lu t ion . 

'JTic- metal-plated delay l ines are for use in 
lead-glass d r i f t chambers and in other applica­
t ions requir ing a mul t ip l i c i ty of delay l ines 
per chamber. 

5. Signal Discriminators 

An economically a t t r a c t i v e , zero-crossing 
discriminator has been developed for use with 
s ignals c h a r a c t e r i s t i c of the readout by delay 
l ines from multiwire proportional chambers. 
\ time walk of only ± 200 psec for s igna ls of 
100 nsec r i s e and fa l l time over a 50:1 ampli­
tude range has been achieved with production 
un i t s . 

An " i n t e l l i g e n t " d iscr iminator , which 
a l l - in -one provides timing s ignals and gates 
for the shower width, shower cen t ro id , and 
to t a l charge of up to four consecutive s ignals 
on a delay l i n e > has been developed for a 
Fermi lab experiment in a cooperative e f fo r t 
with the High Energy Physics Laboratory a t 
Stanford. 

6. Modular System for Data Digitization 

Ke ha\ re designed and fabricated an econom­
ical modular system for the d i g i t i z a t i o n of 
analog data from hundreds of event channels. 
The system d i g i t i z e s various combinations of 
time, charge (pulse he igh t ) , and/or dc analog 
voltages: Resolution for time d i g i t i z a t i o n i s 
12 b i t s ; in the time mode, multiplexing provides 
added economy and/or accommodates channels with 
multiple h i t s . Readout via the C4MAC standard 
data bussing system allows for d iscre t ionary 
readout of e i t h e r (1) only those channels tha t 



experience J " h i t s " during an ei 'ent, or (J) a l l 
channels. 

An e i g h t - c h a n n e l c h a r g e - c o n v e r t e r 
and d i g i t i z e r " c a r d " f o r t h e l a r g e -
s c a l e d i g i t i z i n g s y s t e m . The l a r g e -
s c a l e d i g i t i z e r s y s t e m s a r e d e s i g n e d 
for g e n e r a l u s e and w i l l be used f o r 
d i g i t i z i n g t h e c h a r g e and t i m e - o f -
a r r i v a l of s i g n a l s from p a r t i c l e 
d e t e c t o r s . T h i s s y s t e m w i l l h a v e a 
maximum of 8192 c h a n n e l s . 
(CBB-769-8540) 

7. MicroChannel Plate Detectors 

An inves t iga t ion of microchannel p l a t e 
detec tors with and without photocathodes is 
being made. Piovided t ha t t h e i r an t ic ipa ted 
i n s e n s i t i v i t y to magnetic f ie lds can be 
confirmed, the wi l l be ideal for use in the 
presence of hi li magnetic f i e ld s — such as 
would be encountered in proposed PEP de tec to r s . 
They are a lso mportant for u l t r a - f a s t time-of-
f l ight measure e n t s . A program t o measure 
t h e i r resolvin \ time aid behavior in magnetic 
f ie lds i s undo --jay. 

So.i 

•HV+" 10 1 0 1 

NUMBER OF PHOTOELECTRONS 

*7+ 6«10 3 

The p e r f o r m a n c e of t h e m i c r o -
c h a n n e l p l a t e p h o t c r o u l t i p l i c r lift 350 i s 
measured in t h e p h o t o t u b e t e s t f a c i l i t y , 
which i s an e s p e c i a l l y h i g h - r e s o l u t i o n 
pho t o m u l t i p l i e r e v a l u a t i o n s y s t e m , The 
t ime r e s o l u t i o n of t h e p h o t o m u l t i p l i e r 
a s a f u n c t i o n of t h e number of p h o t o -
e l e c t r o n s p e r p u l s e i s one of t h e 
c h a r a c t e r i s t i c s t e s t e d . 
CXBL 7610-4921) 

8. Methane-Filled Chambers 

Measurements have been car r ied out on the 
timing resolu t ion and posi t ion accuracy of low 
pressure , p a r a l l e l p l a t e , methane-fil led 
chambers with avalanche mul t ip l ica t ion . This 
type of counter i s expected tc have a time 
resolut ion of < 200 psec. By adding sense 
wires or by using copper-plated anodes on 
p l a s t i c , a pos i t ion resolut ion of < 100 microns 
i s expected. 

9. Detectors for Nuclear Medicine 

Work on the development of gamma-ray and 
neutron imaging de tec tors for nuclear medicine 
and neutron radiography has continued. In 
connection with these de tec to r s , computer 
programs have been developed for the th ree -
dimensional determination of the d i s t r i bu t ion 
of a gamma emi t te r within an object . 



Hexagona l a r r a y of l e a d g l a s s 
t u b i n g used in d r i f t chamber f o r d e t e c ­
t i n g gamma r a y s by showers p r o d u c e d in 
t h e l e a d g l a s s . T h i s t y p e of l e a d g l a s s 
c o n v e r t e r can be used b o t h fo r h i g h -
e n e r g y gamma r a y s (50 MeV t o 10 GeY) 
and l o w - e n e r g y gamma r a y s ( 0 . 1 t o 2 MeV) 
bv c h a n g i n g t h e h o l e and w a l l d i m e n s i o n s . 
(CBB 765-4207) 

10. Visual Readout System 

A system has been developed that provides 
for v isual readout of "bl ind" CAMAC sca le r s on 
a standard CRT graphics terminal, without the 
need for minicomputer ccn t ro ] . By keyboard, 
the user i s able t o se lec t sca le r channels to 
be displayed, identify each with a descr ip t ive 
label of h i s own choice, and format a page with 
up to 20 sca le r channels; 8 such pages can be 
defined. At the u s e r ' s opt ion, any page can 
be displayed in a "normalize" mode in which 
a l l scal ing i s stopped when the count of a 
selected sca le r on that page equals an a rb i ­

t ra ry keyed-in number displayed at the top of 
the page. The system includes '\ microprocessor 
con t ro l l e r , which can operate autonomously as a 
cra te con t ro l l e r . It may also be used in 
conjunction with a modified, type-U CAMAC/PDP-
11 con t ro l l e r , to operate as an auxi l i a ry 
con t ro l l e r in the CAMAC c r a t e . 

11. Software Extension for PDP-11 

The BASIC-language software package for 
the PDP-11 se r i e s computers, with which exper i ­
menters can do t h e i r own in te rac t ive program­
i n g , has been extended. A CAMAC/BASIC handler 
has been wri t ten to f a c i l i t a t e the programming 
of experiments implemented in CAMAC hardware. 
In addi t ion, a BASIC handler for driving the 
Tektronix 4012 display CRT and for networking 
between small s a t e l l i t e computers and a la rger 
host computer has been wr i t ten . At present 
the Biomed PDP-11/45 is the host computer. 
Thi? allows for downloading of programs, and 
sharing of la rger memory, data f i l e s , and 
per iphera l s . 

12. Charge-Coupled Devices 

Charge-coupled devices have been studied 
with a view toward t h e i r use as analog s torage 
devices in e i t h e r single-channel or in o p t i c a l l y 
sens i t ive array configuration:;. We have es t ab ­
l ished tha t s ingle channel devices can be used 
t o 1 mV resolu t ion with a t l ea s t 200:1 dynamic 
range, and that the clocking frequency of these 
devices can be switched by a t l ea s t 200:1 
( e . g . , 10 MHz:50 KHz) to provide time expansion 
during readout. 

13. High-Speed dutfer Memories 

The s t a t e of the a r t in high-speed buffer 
memories i s being inves t iga ted fcr appl ica t ions 
tha t require on- the-f ly d i g i t i z a t i o n of mul t iple 



high-speed data points. The EMI detector at 
FSALr for example, requires (1K-2K) buffers 
with - 30 nsec timing resolution. 

14. Microprocessor Applications 

Microprocessors hold considerable promise 
for data manipulation prior to storage. We are 
studying applications with presently available 
microprocessors, such as automatic real-time 
flat a correction per regularly updated calibra­
tion points. Careful attention is being paid 

to the capabilities of new microprocessors with 
the hope that the faster units may be usable 
for on-line decision logic. 

15. Phototube Test Facilities 

Phototube test facilities in Buildings 14 
and 80 have been updated with improved hardware. 
The Building 14 facility has been improved 
especially to provide convenient use by other 
groups, and the capability of testing anode 
dark current above a selectable fixed threshold 
has been added. 
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II. THEORETICAL PHYSICS 

Particle theory continues to be the major 
research activity of the Theoretical Group at 
LBL. In addition, the Group is heavily 
committed to accelerator theory and design. 

A. Particle Theory 

Research in particle theory encompasses 
strong electromagnetic and weak interactions 
and covers the gamut from formal axiomatic 
field theory to phenomenological model building 
and analysis of data. Hadronic processes and 
the new i> particles dominated this year's 
research. Many papers dealt with various 
aspects of strong interaction dynamics, with 
<l> particles and color, and with SU(4) or higher 
symmetries, gauge theories and weak interactions. 
In addition, there were reports on quantum 
field theory, on S-matrix theory and related 
aspects, and many on miscellaneous topics. 

1. Topological Expansion of Dual Models 

The aspects of an approach to strong 
interactions, called the "topological expansion," 
has been explored. The inverse expansion 
parameter, which measures the density of 
hadronic levels or particles, is , in certain 
regions, sufficiently large to allow a tractable 
caiculational procedure based on unitarity. 
Three previously independent strong-interaction 
models have erne :ged as different aspects of the 
topologies] expansion: (1) the multiperipheral 

bootstrap model, (2) the quark-antiquark model 
of mesons with Zweig selection rules, and 
(3) Gribov's pomeron calculus. 

The topological expansion has led to 
relations between pomeron properties and the 
breaking of the Zv.eig rule. In this picture 
the leading meson Regge trajectories are 
accurately described as simple, quark-antiquark 
combinations (with exchange degeneracy and 
Zweig selection rules) for large t {mass 
squared!, but as t diminishes the mixing of 
combinations becomes important in order to 
satisfy unitarity. One consequence is a large 
upward displacement at t = 0 of the leading 
isosinglet trajectory with even-charge conju­
gation. This trajectory is identified as the 
bare pomeron of Gribov's calculus. Its detailed 
predicted properties are in accord with experi­
mental measurements of high-energy cross 
sections. Other isosinglet trajectories (e.g., 
the u>) are also shifted in a manner compatible 
with experiment. 

The rate of decrease in mixing, with 
increasing t , is related to meson masses, and 
on this basis i t has been conjectured that 
along unnatural parity trajectories (e.g., n 
and n'J large mixing may persist to higher t 
than along natural-parity trajectories (e.g., 
u and fj>). To pursue such questions quantita­
tively, a Reggeon formalism for calculating 
the mixing has been developed. 

2. Solution of Classical Field Theories 

Much of our work has been concerned with 



the extended solut ions of c lass ica l f ield 
theo r i e s , and the quantination 01" such so lu t ions . 
The main ob.iect lias been to explore the proposal 
of Nielsen and Olesen for r e l a t ing di"U models 
to conventional f ie ld t heo r i e s . This i s based 
on the idea that the dual s t r im; is a represen­
t a t i on or an idea l i sa t ion of a vortex of quan­
t ized flux ir a superconducting vacuum. Str ings 
of f i i i i io length require monopolcs at t h e i r 
ends. 

Some aspects of a model with non-Abclian 
gauge f ie lds have been examined. Some workers 
consider such f ie lds to be more relevant to 
strong in te rac t ions than Abelian gauge f i e l d s , 
and they a lso offer the pos s ib i l i t y of e l iminat-
; ag the Higgs f i e ld . The main r e s u l t s arc as 
follows: In SU(n), the number of uni ts of 
quantised flux is only defined modulo n, so 
tha t quantised vor t i ces can have m uni t? of 
flux, where m is an integer between 0 and n - 1 . 
Magnetic monopole densi ty i s an is-sjilav; i t 
i s subject to the Dirac quantizat ion condit ion, 
and i s only defined modulo n. In a supercon­
ducting vacuum, the number of monopoles minus 
the number of antimonopoles must be an in tegra l 
mult iple of n , i f t h e i r energy i s to be f i n i t e . 
Thus, if we set n equal to 3 and assign quark 
quantum numbers to the monopoles, we obtain a 
natural explanation of quark confinement. I t 
i s impr.-ssive to note that none of the assump­
t ions leading t o t h i s r e su l t was introduced 
with a view to obtaining confinement. 

3. Quantization of Field Theories 

The crucia l problem associated with 
vor t i ces o r other extended models i s that of 
quant iza t ion. Most treatments of quant izat ion 
start from the unin teres t ing region where the 
coupling i s weak and the vortex energy ; s 
l a rge . Results obtained elsewhere on the one-
dimensional Sine-Gordon equation and i t s 
r e l a t i on to the massive Thirr ing model avoids 

th i s d i f f i cu l ty hut r e l i e s on per turbat ion 
theory. These r e su l t s have been re-derived 
without using perturbat ion theory by expressing 
bare "so l i ton" operators as functions of Sine-
fiordon opera tors . These so l i ton operators 
s a t i s fy the f ie ld equations ?nd commutation 
r e l a t ions of the massive l l i i r r ing model, It 
is hoped that t h i s approach can be generalized 
to obtain "vortex" operators in (3+1) dimen­
sions and thus would allow a demonstration that 
such operators sa t i s fy commutation r e l a t ions 
and f ield equations s imi lar to those of the 
second-quantized dual model opera tors . 

4. Dual Models 

A formula for the general S-mntrix element 
in the i n t e r ac t i ng - s t r i ng p ic ture of the dual 
model has been found. The funct ional- in tegra­
t ion formalism for the Ncveu-Schwarz-Ramond 
model has been placed on a s imi lar footing to 
that for the simple dual model. 

I t has been shown that the second renorm-
a l i z a t i o n in dual models for d - d - t can be 
in terpreted as a slope renormalization. The 
method that uses the s t r i ng formalism is 
s i r p l e r and more d i rec t than e a r l i e r work, and 
completes the demonstration that the perturba-
t i v e un i t a r i za t i on of dual models i s consis tent 
a t the one-loop l eve l . 

The problem of spontaneous breakdown in 
dual models has been in tensively s tudied. 
The existence of such a symmetry v io la t ion 
in a ce r ta in c lass of dual models has been 
demonstrated. 

5. Equivalent Field Theo'-es 

Work has been extended on the idea that 
many apparently different f i e ld theor ies may 
be equivalent . Such equivalences are deep 
views into r e l a t i v i s t i c quantum dynamics, and 
go hand-in-hand with approximate methods being 



developed t<> MIU'C f ie ld theories nonpi-rim-Ui -
l ive ly- f.irl tef rt-^ul t s fur an Abe 11an c«xlel 
have l»eon extended to the general non-Abel i.ui 
case, Araong the r e su l t s are th.it: ( l j in n*n 
dimensions, ;it l e a s t , even" f<* nit ion theory n;i> 
i t s boson equivalent; and I 21 internal symmct iv 
has i t s or ig in in quantum siech.'ui i cs and 

topology. These findings may offer an under-
-*. ;mding of intcrnnl symmetries in general. 
r.y using these methods it has been proved that 
Vang-Mills theor ies in two dimensions have a l l 
physical ly measurable cur ren ts . Models are 
iuiportaiice since they arc considered the mo>r 
l ike ly for quark trapping in four dimensions. 

T h e o r e t i c a l p h y s i c i s t s 
meet f r e q u e n t l y in " s e c r e t " 
s e m i n a r s t o exchange i d e a s . 
Ken W i l s o n , v i s i t i n g t h e o ­
r e t i c a l p h y s i c i s t from 
C o r n e l l , p r e s e n t s h i s work 
f o r t h e i r c o n s i d e r a t i o n . 
G e o f f r e y Chew (head on 
h a n d 1 , Group Leade r o f 
T h e o r e t i c a l P h y s i c s , i s 
among t h o s e p r e s e n t . 
(XBR 760 10552) 

6. Model of Electromagnetism 

Work has continued on a model of e l ec t ro -
magnetism that r e su l t s from the strong i n t e r ­
actions by spontaneous symmetry breakdown of 

an Abelian or non-Abelian gauge theory. The 
spontaneo'is breakdown causes weak- and e l ec t ro -
magnetic-strength coupling constants to appear 
in a model that had only strong couplings 
before the breakdown. We have studied vortex-

http://th.it
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l ike solut ions of Abelian and non-Abelian gauge 
theor ies as models for hadrons, and a study of 
the high-energy behavior of non-Abelian gauge 
theor ies has been made to find a f i e ld - theo re t i c 
model for pomerons and Reggeons. 

7. Models for & Particles 

Models for the new ty p a r t i c l e s and re la ted 
phenomena have been under intensive study. 
When the known ij> p a r t i c l e s consisted of two 
narrow resonance peaks and one broad hump, a 
model was constructed of the new p a r t i c l e s , 
which introduced a fourth color . This was 
motivated by the energy depenuence of the r a t i o , 
R = a(ee •* hadrons)/o(ee •* up) , and by the 
magnitude of the pole t r a n s i t i o n p robab i l i ty 
for emit t ing a photon. Though i t i s not now 
fashionable t o assume in t eg ra l ly charged quarks, 
the fundamental idea i s s t i l l qu i te a l i v e . 

When a c lass of experiments showed d i s ­
agreement with the standard model, we explored 
the p o s s i b i l i t y t ha t the new p a r t i c l e s do not 
l i e on Regge t r a j e c t o r i e s of normal slope 
( s 1 GeV" ) . After the pos i t i ve charge conju­
gation s t a t e s were found around 3.5 GeV, i t has 
become almost c e r t a i n t ha t they do l i e on Regge 
t r a j e c t o r i e s , but t h e i r slope i s s t i l l unknown. 
TWo-psion production processes would be 
enhanced s t rongly in hadron-hadron c o l l i s i o n , 

i f t h e i r Regge t r a j e c t o r i e s have a slope much 
-2 shallower than 1 GeV . A numerical est imate 

was made for the two-psion production cross 
sec t ion . 

8. New Class of Weak Interactions 

The ear ly absence of charmed mesons and 
the apparent v io la t ion of the se lec t ion ru le 
that A Oiarm = A Strangeness lad to the specu­
l a t i on tha t a new c lass of weak in te rac t ions 
may e x i s t , which can be embedded in the standard 

model of gauge theory without v io la t ing renorm-
a l i s a b i l i t y . 

After we made the accurate measurement of 
the angular parameter a of inclusive pion 
production in e o ann ih i l a t ion , the inclusive 
pion data were examined to see i f they were 
consis tent with the p ic tu re in which two kinds 
of par tons , one l ight and the other heavy, arc 
produced with nonvanishing t ransverse momenta. 
I t was found that with p = 0,2 GeV" and the 
heavy parton mass = 1.8 GeV, a l l the inclusive 
data so far ava i lab le are explained per fec t ly . 

9. Model of Unified Gauge Theory 

As the data have accumulated on dimuon 
production in high-energy neutr ino react ions 
and on e e ann ih i l a t ion , many apparent d i f f i ­
c u l t i e s have appeared in the standard model of 
unif ied gauge theory. Models tha t include 
right-handed currents do not seem to achieve 
much, and a recent r e s u l t on neut ra l weak 
currents implies a preponderance of left-handed 
cur ren t s , although the evidence i s not over­
whelming. A version of gauge theory of weak 
in te rac t ions has been proposed with only l e f t -
handed cu r ren t s , which avoids a l l of the 
po ten t i a l d i f f i c u l t i e s . I t involves one new 
mixing angle common to the leptonic and hadronic 
wcrlds, which, i t i s hoped, w i l l be understood 
in the framework unifying the two worlds. If 
the standard model f a i l s d e f i n i t e l y , t h i s model 
may be the simplest and most economical one. 

10. SU{4) Breaking Effects in the Mass Formula 

The second-order SU(4) breaking ef fec ts 
in the Gell-Mann-Okubo mass formula have been 
examined by using a current a lgebraic technique. 
The r e su l t has an important implication for any 
search for charmed mesons. Though the magni­
tude of these correct ions depends on de ta i led 



knowledge of spectroscopy, the sign of sh i f t s 
was found with fa i r ce r t a in ty . 

11. Even-G-Parity Decays of the «A (3.1) 

Studies have been made of evcn-H-parity 
decays of the i|i(3.3) to ascer ta in what can be 
learned about the underlying dynamics of the 
new p a r t i c l e s . Their rad ia t ive decays have 
a lso been invest igated to provide information 
about t h e i r SU(2) and SU(3) symmetry proper t ies . 

12. Eta Decays and Quark Charges 

Other Invest igat ions have shown that the 
r ad i a t ive decays of n and n 1 can yie ld informa­
t ion about quark charges. Because of t h e i r 
SU(3) s ing le t components, n and n ' decays are 
uniquely sens i t ive to whether quarks have 
f rac t ional or in tegra l charges. We ha\ re made 
a systematic review of theore t i ca l p red ic t ions , 
which can t e s t the quark color hypothesis at 
energies below color thresholds , life have a l so 
studied the question of whether the nature of 
the semiclassical solut ion to a strong-coupling 
f i e ld theory is q u a l i t a t i v e l y a l te red by quantum 
f luc tua t ions . This bears on the problem of 
quark confinement. 

13. Structure of Resonance Couplings 

A study of t he ana ly t ic s t ruc tu re of dual 
and Feyrbitan diagram models car r ied out e l s e ­
where shows tha t Reggeon-particle amplitudes 
of the form R + P - P + P and R + P + R+P should 
sa t i s fy f i n i t e energy sum ru l e s (FESRs) t ha t 
are c losely analogous to those o rd inar i ly 
wri t ten for P + P •* P + P processes. Applications 
of these Reggeon FESRs t o data led to qui te 
successful and in t r igu ing r e s u l t s for t he 
magnitude and h e l i c i t y s t ruc tu re of resonance 
couplings. In the cases studied in d e t a i l , i t 
was found that the dua l i ty proper t ies of ampli­

tudes with external Reggeons imply very s t r i n ­
gent dynamic condit ions, which never theless are 
se l fcons is ten t and in agreement with exper i ­
mental data . 

A general formalism for studying resonance 
contr ibut ions to FESRs developed elsewhere was 
applied to predic t the h e l i c i t y s t ruc tu re and 
r e l a t i v e s t rengths of a l l couplings RNN, RNA, 
and RAA, where R i s an isospin-one, meson 
t r a j ec to ry (R=p, it, A J . The pred ic t ion i s 
in good agreement with a l l the experimentally 
known couplings. 

The ana ly t i c s t ruc tu re of the R+ R •+ P+ P 
amplitude has been invest igated with the dual 
resonance model as a guide. We found tha t 
FESRs can be derived under ce r t a in condi t ions , 
which should be helpful for further understand­
ing the s t ruc tu re of mul t ipa r t i c l e amplitudes. 
Generalized to the R+R •+ P+R process , i t a lso 
has important implicat ions for the dual u n i t a r -
iza t ion schemes that are now being pursued by 
several groups. A surpr i s ing by-product of 
t h i s study was the discovery of a new Regge 
pole 6 in the B, amplitude. The slope of the 
B t ra jec to ry i s ha l f tha t of the standard a 
t r a j ec to ry , and B gives the leading asymptotic 
behavior when a < - 1 . The coupling of B t o 
two p a r t i c l e s vanishes. Hence i t cannot be 
exchanged in four- or f ive-point amplitudes. 
This fact i s one of the main reasons why the 8 
Reggeon has been overlooked u n t i l now. 

14. Neutrino-Hadron Collisions at Fermilab 

In the f i r s t ha l f of 1975 an analys is was 
made of the possible production of charmed 
p a r t i c l e s by neutrino-hadron co l l i s i ons a t 
Fermilab. The conclusion reached was that 
within the context of the quark parton model 
the anomalous d i s t r i bu t ions could not be 
explained by the conventional charm model and 
"reasonable" quark d i s t r i b u t i o n s . 
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15. Pion Dec-a, 

New ways to calculate radiative corrections 
to charged pion decays have been investigated. 
This work was motivated by a recent report of a 
possible difference of two standard deviations 
between experiment and existing theory in the 
electronic branching ratio, and by plans to 
measure this ratio more accurately. Two models 
of pion decay were developed — both in the 
context of gauge theories. One treats the pion 
as an elementary particle and gives a result 
identical to previous theoretical estimates. 
The other treats the pion as a quark-antiquark 
composite and gives a result significantly 
closer to the new experimental number. 

16. Multiparticle Dispersion Relations 

Great progress was made during 1975 on 
developing multiparticle dispersion relations. 
This work is founded in earlier investigations 
in which the general formulas for discontinui­
t ies around physical-region singularities were 
obtained. However, those formulas were local 
formulas that expressed the discontinuities in 
the immediate neighborhood of a single singu­
larity surface. For dispersion relations one 
needs global formulas that hold at all points 
and express the multiple discontinuities across 
all combinations of cuts that bound the physical 
sheet. Formulas have now been derived that 
express all of the multiple discontinuities of 
the six-particle amplitude across all combina­
tions of normal threshold cuts. These normal 
threshold-cut multiple-discontinuity formulas 
are the basic discontinuity formulas in the 
sense that remaining ones can in principle be 
derived from them. Also, they give the principal 
contributions to the multiparticle, fixed-t 
dispersion relations. These global discontin­
uity formulas were derived originally from 
S-matrix principles, and were obtained later 

from the axiomatic field theoretic formalism. 

17. Fixed-t Dispersion Relations 

The discontinuity formulas have been used 
in the development of fixed-t dispersion 
relations for the six-particle scattering 
function. These multiparticle fixed-t formulas 
are dispersion relations in the n - 3 Toller 
boost variables, with the momentum-transfers 
tj and Toller angular variables <J.- held fixed. 
It has been discovered that multiparticle 
dispersion relations in these variables are 
much simpler than those that arise by using 
other natural variables. In particular, the 
complex singularities that lie in the physical 
sheet, and ordinarily make multiparticle-
dispersion relations exceedingly complex, are 
all hidden,at least asymptotically, behind the 
normal threshold cuts. Thus the main contri­
butions to the dispersion relations are 
controlled by the multiple discontinuities 
across combinations of the normal threshold 
cuts discussed above. 

18. Development of Regge Theory 

These new dispersion relations have been 
used to give a systematic development of Regge 
theory, starting from basic analyticity proper­
t ies. Earlier derivations that start from 
Feynman diagrams are plagued with double count­
ing difficulties. 

19. Singularities of S-matrix 

In the course of developing the analyti­
city properties needed for the dispersion 
relations described above, a general theory of 
singularities of the S-matrix has been developed. 
However, i t does not cover certain exceptional 
points. Because of this deficiency of the 
general theory, we have found i t necessary to 
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introduce an extra assumption, cal led the no-
cancel la t ion hypothesis, in der ivat ions of 
physical-region d iscont inui ty formulas. This 
hypothesis s t a t e s that one can ignore s ingular­
i t i e s associated with nonpositive-ct Landau 
surfaces that happen to touch or l i e on top of 
the pos i t ive -a surface in question. This 
assumption i s physical ly reasonable, but i s 
ad hoc. By using the new resu l t s on the 
s ingu la r i ty s t ruc ture a t exceptional po in t s , 
we have shown that the simplest of the 
usual d iscont inui ty formulas, namely the pole-
fac tor iza t ion theorem below the four -par t ic le 
threshold, can be derived without using the 
no-cancel lat ion hypot ivs is . 

A t t e n t i o n r i v e t e d a t a t h e o r e t i c a l 
p h y s i c s s e m i n a r , UCB g r a d u a t e s t u d e n t 
Susan Moore t a k e s n o t e s w h i l e F r o f . 
C h a r l e s H a r p e r o f Hayward S t a t e U n i v e r ­
s i t y l i s t e n s . 
(XBB 760-10551) 

20. Noncausal Behavior of Indefinite 
Metric Field Theory 

I t has been shown that the indef in i t e 
metric f ie ld theory of .Sudarshan and co-workers 
mast exhibi t s t r i k i n g noncausal behavior, due 
to the presence in the theon ' of massive s t ab le 
p a r t i c l e s that propagate backward in t ime. 

21. Unified Theory of Nature 

The information provided by B e l l ' s theorem 
on the nature of the breakdown of c l a s s i c a l 
ideas in the quantum realm has been analyzed. 

Quantum theon ' , though sa t i s fac to ry from the 
pragmatic point of view, does not provide a 
unified theory of nature because in p r inc ip le 
i t requires a separation of the world into an 
o b s e n i n g system that i s described by inexact 
c l a s s i ca l concepts and an observed system 
described by quantum laws tha t are inaccurate 
due to e f fec ts of the environment that must in 
p r inc ip le be ignored. B e l l ' s theorem provides 
much more p rec i se information about the break­
down of c l a s s i c a l ideas than was avai lable 
heretofore . I t shows that a unified theory of 
nature must e i t h e r permit superluminal informa­
t ion t r ans f e r , or v io la t e another assumption 
ca l led contrafactual def in i teness . Models 
v io la t ing each of these assumptions have been 
constructed. One of these models, based on 
the ideas of A. N. Whitehead, has been developed 
in some d e t a i l and appears to provide a 
possible bas is for a unified theory of na tu re . 

22. S-malrix Approach to Electromagnetic 
Theory 

The infrared problem in S-matrix theory 
has been examined. I t has been shown tha t an 
ef fec t ive S-matrix can be defined, which is 
physical in the sense tiiat when i t i s folded 
into the wave functions of the non-infrared 



p a r t i c l e s and squared, i t gives the t r a n s i t i o n 
p robab i l i t y . The infrared photons give no 
contr ibut ion to t h i s e f fec t ive S-matrix. This 
r e s u l t , a genera l iza t ion of the Block-Nordsieck 
r e s u l t , holds to a l l o rde r s , and does not 
neglect small terms in denominators that are 
c lose to zero. Also, i t does not encounter 
c e r t a i n technical d i f f i c u l t i e s that Gccur in 
o ther t rea tments . By defining a f i n i t e S 
matrix that incorporates a l l the e f fec ts of 
the photons, t h i s work provides a f i r s t s tep 
toward an S-matrix theory that includes 
electromagnetic e f f ec t s . 

23. Axiomatic Field Theory 

Within the framework of axiomatic f i e ld 
theory, the question of dua l i ty has been s tudied 
for Hermitian s c a l a r f i e ld s as well as for more 
general f i e ld t h e o r i e s , including spinor f i e lds . 
Duality ( the condit ion tha t the commutant of 
the local von Neumann algebra for a space-time 
region R i s equal to the von Neumann algebra 
loca l ly associa ted with the causal ly complemen­
tary region R c) was es tab l i shed for a Hermitian 
sca la r f i e ld under ce r t a in reasonable assump­
t ions as a general f ie ld theory with local 
spinor and tensor f i e l d s . 

24. e+e" Annihilation 

Electron-posi t ron annih i la t ion phenomenol­
ogy has been st imulated by the experimental 
program a t SPEAR. As a r e s u l t , a codi f ica t ion 
of the i n i t i a l - s t a t e r ad ia t ive correct ions in 
e e" ann ih i l a t ion was developed, and i s impor­
t an t for the analysis of the proper t ies of 
narrow resonances l ike the ¥ ' s . A d idac t ic 
paper was prepared tha t i s useful for under­
standing s p i n - f l i p synchrotron rad ia t ion and 
the t ransverse po la r iza t ion of e lec t rons and 
posi t rons in storage r i n g s . 

25. Magnetic Monopoles 

After the recent announcement of an obser­
vation of a Dirac magnetic monopole, a study of 
the cha rac t e r i s t i c s of the electromagnetic 
in te rac t ions of magnetic trmopoles as they pass 
through matter was made. An idea was a lso 
given for a p rac t i ca l de tec tor of r e i a t i v i s t i c 
monopoles explo i t ing the differences in the 
s t a t e of po la r i za t ion of Cerenkov radia t ion 
emitted by e l e c t r i c and magnetic charges. 

26. Nucleon-Nucleon Polarization 

An analys is of ex i s t i ng nucleon-nucleon 
po la r i sa t ion data a t modest morranta (2 to 6 
GeV/c) implies the existence of a low-lying 
t ra jec tory with vacuum quantum numbers. 
Addition of t h i s t r a j ec to ry [with i n t e r c e p t , 
a (0) = -0.4] to a conventional Regge-pole 
model gives good agreement with ex i s t i ng data 
on pn and pp po la r iza t ion for ( t | <1 (CeV/c) 
and up to 20 GeV/c. 

B Accelerator Theory and Design 

Accelerator theorists have continued a 
broad range of projects on the design of 
accelerator systems such as PEP (the Positron-
Electron Colliding Beam Project], ESCAR (the 
Experimental Superconducting Accelerator Ring, 
LBL), and ISABELLE (the Intersecting Storage 
Accelerator at Brookhaven), as well as more 
fundamental studies of theoretical problems of 
beam dynamics. 

Research on accelerators, done in close 
collaboration with experimental physicists and 
engineers, is for defining the parameters of a 
net; facility, or for understanding and improv­
ing the behavior of existing accelerators. 



Among various items designed is a heavy-ion 
accelerator for cancer therapy. 

1. Lattice Design 

Lattice design studies were performed for 
three storage ring projects: (1) A study 
carried out at CER\ of a 400-GeV storage-rinp, 
facility emphasized experimental insertion 
design and sextupole correction methods. 
(2) Study on 1SABELLE carried out at BNL inves­
tigated the feasibility of running the storage 
ring with one insertion modified for very-low-6 
collisions. (3) For the PEP program, studies 
were made of chromaticity control with sextu-
poles and the design of a system for obtaining 
longitudinally polarized beams for experiments. 

2. Beam-Beam Limit 

The major limitation in storage-ring 
performance is the so-called beam-beam limit; 
when a certain intensity is reached, the collid­
ing beams cause each other to be violently 
unstable and titiier the stored beams are 
completely lost or the luminosity drops sharply. 
It is generally agreed that the limit is caused 
by a very complex resonance phenomenon, but the 
mechanism is not understood and there is no way 
to predict the performance of a new ring except 
by empirical rules accumulated from past exper­
ience. Efforts during the past year have 
included analytic approaches to specific 
aspects of the problem. Although these efforts 
throw some light on the phenomenon, i ts 
complexity is such that semi-empirical digital 
computer methods seem to be required. By use 
of a computer code that includes a more realis­
t ic description of particle motion than was 
attempted in the earlier investigations, it is 
hoped to reproduce the behavior of SPEAR I. 
Results so far are encouraging. If truly 
successful, the same procedure will be applied 

to PEP and PETRA (the high-energy electron-
positron storage ring being built at DESY) in 
an effort to predict their performance. 

It has been found in SPEAR II that even a 
single beam is subject to a serious increase in 
height at betatron frequencies that differ by 
integer multiples of the synchrotron frequency. 
A tentative explanation for this phenomenon 
was proposed by the SPEAR group, and LBL has 
participated in both theoretical and experi­
mental aspects of the investigation. 

3. Stability of Bunched Proton Beams 

By early 1975, i t was apparent that 
bunched proton beams are susceptible to very-
high-frequency disturbances associated with 
discontinuities and cavity-like structures in 
the vacuum chamber walls. This effect is 
bothersome in the Proton Synchrotron and Inter­
secting Storage Ring at CEEN and could be 
serious in ISABELLE. We have investigated the 
phenomenon using computer simulation and have 
also obtained analytic formulas for instability 
growth rates, which agree with these results. 
This work may yield stability criteria for 
chamber impedances as related to bunch 
properties. 

4. Experimental Superconducting Accelerator 
Ring (ESCAR) 

Analytic and computational assistance has 
been given to the LBL ESCAR project. The 
results of this work, moreover, may be consid­
ered useful for other accelerator and storage-
ring projects, both with respect to design and 
to operation. These results also suggest the 
potential value of collaborative work concern­
ing the TORMAC CTR device under development at 
this laboratory. 
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5. Particle Dynamics nd Electromagnetic 

Fields 

Work in t h i s are; has been chief ly 
concerned with the det t i led charac te r of 
electromagnetic f ie ld and the dynamics of 
p a r t i c l e s in such f i e . -. The particle-dynamics 
s tud ies have concentra ed most recent ly on the 
s i t ua t i on in which par i c les a re simultaneously 
under the influence o both (1) an applied 
("fundamental") r f fie d and (2) the f i e ld 
induced by the p a r t i c l - s in a passive p a r a s i t i c 
"harmonic" resonant ST uc ture . Thus, r e l a t i n g 
to the "capture" proct i , we have s tudied the 
manner in which the ar l ied r f must be b u i l t 
up in order not to los control of the beam in 
t he presence of the fi Ids induced in the 
p a r a s i t i c cav i ty . The u t i l i t y and e f f ec t ive ­
ness of a phase-control servo on the r f drive 
during such an ope ra tu . i has been demonstrated. 
In addi t ion we have im es t iga ted another type 
of i n s t a b i l i t y t ha t ca develop under steady-
s t a t e , appl ied- r f cond t ions with a passive 
p a r a s i t i c resonant cai -: ty again present . 
A large par t of t h i s wcrk has employed computa­
t i ona l "simulation" pre grains, and a par t has 

been concerned with providing suppoit to the 
e f fo r t to provide a theo re t i ca l account of the 
i n s t a b i l i t y . 

The magnet work has led to the proposal 
and t e s t i n g of a method intended to improve the 
manner in which boundary conditions are t reated, 
The boundary condit ions are those at the outer 
edge of a region in which magnetic f ie lds are 
being sought by means of a re laxat ion solut ion 
(for example) for the vector po ten t i a l - as in 
computational programs of the TRIM family. 

C. Miscellaneous 

In atomic physics the major activity 
concerned single and multiple photon processes 
in atoms and molecules immersed in intense 
laser fields. 

Research on the fluid dynamics of surface 
waves in deep water was completed. This work, 
concerning large amplitude waves and the 
approach to instability (breaking), is consid­
ered a new attack on a fundamental problem of 
physical oceanography. 
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III. COMPUTER SCIENCE AND APPLIED MATHEMATICS 

'flic Computer Science and .V d ied Mathema­
t i c s Iicjwrtmcnt (CSAM") engages research and 
development in a var ie ty of computer science 
ant! mathematics d i s c i p l i n e s . A glanced mix 
of 70 percent pro jec t -or iented i» *rk and 3ll 
percent d i sc ip l ine -or ien ted res* reh is main­
tained by funding from the U.S. .nergy Research 
and ticvclopmenr Administration and other 
federal and s t a t e agencies. 

Tlie CSAM Department a lso wo: .s c losely 
with the computer center s t a f i , \-. ich rims and 
maintains the Laboratory's CDC 7e i)/6MK)/64(Ht 
t r i p l e x . I.BL's center i s one of the na t ion ' s 
largest unclass i f ied s c i e n t i f i c computer 
cen te r s , serving federally-funded :sers nation­
wide ovei a sophis t ica ted Remote .? ••> h'ntry/Timc 
Sharing system and the world-wide '-V.W network. 
flcse-ireh and development a c t i v i t i e s undertaken 
incluui the foi l owing: 

• Daia Management Systems. Thi special 
problems involved in managing 1 rgc 
s c i e n t i f i c , socioeconomic, and Ltiviron-
mental data bases require advanc d tech­
nique:; in data management. i'nve t iga t ions 
of special ized hardware and soft. Lit 
techniques far h ierarchica l and d s t r i lmted 
data bases arc proceeding. A gcr:< r a l , 
t ranspor table system is under development 
for d i s t r i hu t ion to several laborn"ories 

in the U.S. and lingland, 

• 5ocioccon_oniic j.-nyi/pffly nt.ll Demug: tph i c 
Information System (SI-KMSJ. The SI PIS 
project includes a large integrated .ita 
base lover Iff b i l l i o n characters) use i 

for energy policy analysis and environ­
mental impact stvidies by agencies through­
out the U.S. The system provides in te r ­
ac t ive r e t r i e v a l , ana lys i s , and display of 
a wide var ie ty of c h a r a c t e r i s t i c s and 
s t a t i s t i c s gathered from many co l lec t ion 
agencies. Current research a c t i v i t i e s 
include techniques for in tegra t ing 
information col lec ted by several sources, 
synthesizing data for speci f ic modeling 
s tud ies , and updating base data from 
auxi l ia ry sources, 

SF.IinrS wil t he ava i lab le to the I-RDA-
wide energy policy analysis and assessment 
program expected to begin in FY 1977. At 
LBI. t h i s program wil l involve not only LB), 
s c i e n t i s t s and f a c i l i t i e s hut a lso a wide 
var ie ty of [ O organised research uni ts 
special u i n g in s o c i a l , p o l i t i c a l , lega l , 
information, and environmental sciences. 

• Computer Graphics. 'Hie s t a t i c and 
dynamic display of the r e su l t s of informa­
t ion re t r ieva l and analysis provide the 
user with a p i c t o r i a l representat ion o( 
r e su l t s not possible with pr inted formats. 
Computer-generated maps, c h a r t s , graphs, 
and movies, often in color , usual ly created 
in t e rac t ive ly , have proven the most effec­
t i ve way to communicate complex r e s u l t s . 
Current pro jec ts include a na t iona l , 
geographic information system, a graphical 
analysis system for decision making, a 

A glossary of relevant terms may be found 
in the Appendix. 

http://nt.ll
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device-independent graphics system, and 
a graphics modeling system. 

• Computer Networks. Resource sharing 
over computer networks i s one of the most 
exc i t ing developments in the f ie ld . 
Unique resources that include hardware, 
software, and data bases can be accessed 
over a d i s t r i bu t ed network and provide 
fu l l capab i l i ty a t e l l s i t e s . The develop­
ment of h igh- level pro tocols , common 
language in t e r f aces , and d i s t r ibu ted data 
management techniques wi l l enhance the 
computational power ava i lab le for every 
s i t e on the network and provide a common 
pool of resources for the solut ion of 
regional and nat ional problems. Currently, 
s t a f f members from LBL are chair ing the 
I n v e s t i g a t o r ' s Panel of the ERDA Network 
Experimentation Project . The Panel ' s 
mission i s to provide a resource-sharing 
environment for ERDA-sponsored labora­
t o r i e s and u n i v e r s i t i e s . LBL also 
sponsored the f i r s t Berkeley Workshop on 
Distr ibuted Data Management and Computer 
Networks. 

• Management Information Systems (MIS). 
The r e t r i e v a l , ana lys i s , and display of 
information from a var ie ty of data sources 
requi res an in tegra t ion of sophis t ica ted 
techniques in data management, human-
machine in te r face , and automated report 
generat ion. Current pro jec ts include a 
local MIS for managers in the LBL budget 
of f ice , scientific research d iv i s i ons , 
technical support groups, and personnel 
department. 

• Computational Physics and Data Analysis. 
We provide program development and 

research support to the design and analy­
s i s of control led thermonuclear reactors 
(e .g . TOKAMAK, TORMAC) and mirror machines; 
design and analys is of p a r t i c l e acceler­
a to rs (e .g . PEP, ESCAR) through beam-
t rac ing , space-charge, and magnet-design 
programs; and the analysis of experimental 
high-energy physics data . 

• Mathematical Modeling. Our ef for t here 
i s concentrated on the development of a 
l i nea r programming system to be used in 
econometric models, a c r i t i c a l - p a t h 
analysis program for project scheduling, 
a biomedical modeling system for compart-
mental models, and extension of a large 
hydro code to solve magneto-hydrodynamic 
problems. 

• Programming Languages. This research 
centers on the development of s t ruc tured 
FORTRAN-derived languages and proposed 
extensions t o FORTRAN standards . Related 
work in systems-implementation languages 
i s a lso under way. 

• Applied Mathematics. Research i s 
ca r r ied out in numerical and applied 
mathematics, with specia l emphasis on 
nonlinear e l l i p t i c d i f f e r en t i a l equat ions , 
f luid flow, biomathematics, l i n e a r algebra, 
approximation, and appl icat ions to 
cap i l l a ry phenomena and combustion 
processes. 

• Educational Programs. Several p re - and 
postdoctoral programs are car r ied out 
in conjunction with the University of 
California a t Berkeley. Graduate students 
and postdoctoral v i s i t o r s benefit from 
the Department's exper t i se in computer 
science and applied mathematics. 



A. Data Management Systems in order to enhance t r a n s p o r t a b i l i t y . 

1. A Berkeley Data Management System 
(BDMS) 

BDMS i s a h ie ra rch ica l data-base manage­
ment system spec i f i ca l ly designed for e f f i c i en t 
handling of numerical as well as character and 
b i t s t r i n g data . I t has a data-base de f in i t ion 
language that i s very easy t o learn , a powerful 
free-format data input language, and a soph i s t i ­
cated data-base e d i t o r . I t s query language 
includes Boolean and r e l a t i ona l opera tors , 
truncated and range searching, and the a b i l i t y 
to save intermediate search r e s u l t s for l a t e r 
use. All c a p a b i l i t i e s of the systerr a re a v a i l ­
able to the user as subrout ines , so tha t spec ia l ­
ized systems may be b u i l t upon BDMS. At LBL, 
BDMS i s operable in both in te rac t ive and batch 

modes on the CDC 6400 and 6600, and in batch 
mode on the 7600. I t can be eas i ly t ransported 
to other operating systems and t o non-CDC 
hardware. 

An ad hoc working group on report genera­
t ion was formed and met for several months to 
explore various approaches t o the development 
of a generalized report generation f a c i l i t y that 
would in te r face to the data-base management 
system. 

We have begun providing BDMS to other 
i n s t a l l a t i o n s . In col laborat ion with Brookhaven 
National Laboratory (BNL), we are wri t ing an 
in te r face to the standard CDC SCOPE operat ing 
system, and the system w i l l be i n s t a l l e d on the 
BNL computers. In col laborat ion with the 
University of Durham and the Rutherford High 
Energy Laboratory (RHEL) in England, the system 
was i n s t a l l e d on the IBM 360/195 a t RHEL. 

A version of the sytem (BDMS-16) i s being 
developed for use on 16-bit minicomputers such 
as DEC PDP-11s and ModComp IVs. The program 
was converted to a FORTRAN subset compatible 
with the compilers of most major manufacturers 

2. Hierarchical File Management System 
(INTERAC) 

Work has begun on INTERAC, a system 
designed to provide a standard and high- level 
method of r e l i a b l e access to f i l e s (where 
"access" implies storage as well as r e t r i e v a l ) . 
INTERAC i s in no way concerned with the type or 
contents of f i l e s , nor i s i t designed for f i l e s 
that are rout ine ly updated. 

When used in i t s most general sense, 
INTERAC wi l l allow data storage on a l l LBL 
devices (disk, PSS, MSS, and magnetic tape) and 
wi l l r e t r i eve them logica l ly from the fas tes t 
device tha t i s opera t ional . This r e l i eves 
users from needing speci f ic knowledge of LBL 
storage devices. They may be assured tha t the 
INTERAC System w i l l r e t r i eve the s tored data 
through a taxat ion of the e n t i r e storage 
resource, eve>- i f i t means waiting for a tape 
to be hung. The INTERAC methodo 1 "^ ' involves 
an i n i t i a l s to re on tape and then a "caching" 
t o any combination of the online devices 
desired. (Fi les are eliminated from a cache 
by using a l eas t - recen t ly -used algori thm.) 
In te rac t ive programmers are thereby allowed 
complete freedom in the use of LBL storage 
devices depending on such factors as the quan­
t i t y of data involved, the amount of space 
ava i lab le on each device, and user r e t r i e v a l 
pa t t e rn s . 

INTERAC updates the index to the f i l e s 
each time they are accessed (s tored or 
r e t r i e v e d ) . This provides i n t e r ac t i v t program­
mers with s t a t i s t i c s on user r e t r i e v a l pa t te rns 
of the f i l e s , including where the f i l e s a re 
located and how large they a re . INTERAC 
optimally provides standard summary and 
de ta i l ed repor ts on the index and each f i l e 
in the index. 



INTERAC also addresses the problem of 
e l iminat ing data from a cont inual ly growing 
data base, which must eventually be l imi ted. 
I t allows the programmer to assoc ia te subsets 
of the f i l e s ( e . g . , by date and/or area) with 
p a r t i c u l a r tapes and MSS boxes. The index may 
be purged of a l l f i l e s associated with these 
tapes and MSS boxes when they are physical ly 
removed. A pa r t i cu l a r f i l e may be purged from 
the index and PSS cache even though the e n t i r e 
se t of tapes and MSS boxes associated with i t 
a re not el iminated. 

3. Interlaboratory Working Group for Data 
Exchange (IWGDE) 

The broadened ERDA mission in energy 
policy analysis and environmental impact 
assessment requires t ha t the nat ional labora­
t o r i e s use and exchange large amounts of 
computerized descr ip t ive information and 
numeric data . These large data bases form the 
basis of regional and na t iona l s tud ies in 
support of ERDA's energy and environmental 
policy formulation. Resource sharing and 
s tandardizat ion of computer readable f i l e s and 
modeling programs for in te r labora tory exchange 
wi l l lead t o s ign i f i can t e f f i c ienc ies in carry­
ing out those s tud ie s . To comply with these 
demands in a t imely and cos t -e f fec t ive manner, 
the In te r labora tory Working Group for Data 
Exchange (IWGDE) was formed: 

• to share exper t i se in coraputer-based 
systems for handling large data bases; 

• to e s t ab l i sh both short- term and 
long-term object ives for resource 
sharing and data management; 

• to e s t a b l i s h , t e s t , and implement 
p r a c t i c a l data-exchange standards; 

• to examine the nat ional l abora to r i e s ' 

present data-management systems and 
data bases , and develop mechanisms for 
in ter fac ing among these systems; 

• to make long-term recommendations for 
a common ERDA data-management system; 

• to recommend adminis t ra t ive guidelines 
for exchange of data and programs. 

The Jo in t Program 189 form for t h i s e f for t 
was submitted simultaneously by the seven major 
multiprogram ERDA labora to r i e s : ANL, BNL, LASL, 
LBL, LLL, ORNL, AND PNL. The IKGDE was organ­
ized at a November 1975 meeting a t LBL. 
representa t ion in the Group was l a t e r expanded 
t o include a t l ea s t one computer s c i e n t i s t and 
one representa t ive familiar with energy- and 
environment-related a c t i v i t i e s at each of the 
seven l abora to r i e s . The s teer ing committee for 
Regional Studies Programs was added t o the 
IWGDE d i s t r i b u t i o n l i s t to ensure that the RSP 
d i rec tors would be kept informed of the Group's 
progress . 

The f i r s t task undertaken by the IWGDE 
was to co l lec t summaries of ex i s t ing data bases , 
modeling programs, and computer equipment at 
the seven l abora to r ies . These summaries w i l l 
provide a d i rec tory of resources and f a c i l i t i e s 
for ERDA researchers . 

The second task was to develop a data-
exchange standard for ERDA. An extension was 
proposed to the ANSI Standard Interchange 
Format to provide for exchange of s t r uc tu r a l 
numerical data bases as well as b ibl iographic 
f i l e s , and subsequent modifications were 
suggested. The Level 0 ERDA Interchange 
Standard has been implemented at LBL, and we 
a r e in the process of developing a Qwick Qwery-
to-ERDA Standard interface for providing 
selected socioeconomic data bases to ANL, BNL, 
LASL, and ORNL. This work should obviate the 
task of wri t ing one-time conversion programs 
a t each laboratory for each data base exchanged. 



Work is proceeding on the development of 
t ransportable data management systems that can 
run iden t i ca l ly on the various operating 
systems at the l abora to r i e s . The Berkeley Data 
Management System (BOMS) i s being implemented 
at BNL and Rutherford High Energy Laboratory 
in England. 

Detai ls of these accomplishments are 
described in the IWGDE Annual Report for Fiscal 
Year 1976. 

4. Training Facility Management Project 

The Training F a c i l i t y Management system, 
based on the STOFI Data Management System, 
maintains inventory, equipment c ha r a c t e r i s t i c s 
and configurat ion, and documentation data bases 
for t he c i v i l service arm of the U.S. Naval 
Combat Systems Maintenance Training F a c i l i t y , 
A batch in ter face to the complex report and 
update c a p a b i l i t i e s that i s simple to use was 
created, and allows users to update, monitor, 
and generate repor t s from a remote terminal . 
Additional c a p a b i l i t i e s were added to the 
already ex i s t ing in t e rac t ive in te r face package, 
thus reducing user dependence on LBL programmers 
for f i l e maintenance. Work was completed on 
users and operations manuals for the e n t i r e 
p ro jec t . 

5. Architecture of Data Management 
Computers (ADMC) 

In t h i s projec t we are exploring some new 
problem areas and techniques r e l a t e d to the 
ex t rac t ion of subsets from a ful l data base, 
with emphasis on minimizing the cost of commun­
ica t ion between terminal and cen t ra l system. 
Current developments and trends in technology 
have reached a point where the majority of the 
processing re la ted to typ ica l data-base app l i ­
cat ions can be performed rapidly by using 
inexpensive processors . We expect that the 

use of such a processor embedded in a terminal 
wil l become the prevalent s i t u a t i o n . For data­
base app l ica t ions , such an i n t e l l i g e n t terminal 
could a lso have a small secondary s torage u n i t , 
which i s qu i t e inexpensive. The primary 
function of the cent ra l system would then 
become the data-base manager for a multitude 
of such semi-autonomous terminals . 

Some of the hardware components developed 
by the PRIME project a t the University of 
Cal i fornia , Berkeley, were moved to LBL as the 
basis of system arch i tec ture research. The 
current system cons is t s of several mass s torage 
devices and processors connected by a crossbar 
switch. Currently a new processor (PDP-11/03) 
i s being in s t a l l ed to serve as a data management 
processor, running BDt^S-16. This system wi l l 
form the basis of an experimental system for 
r e l i a b l e data-management machine research. 

B. Socio-Economic Environmental 
Demographic Information System 

(SEEDIS) 

The development of the LBL Socioeconomic 
Environmental Demographic Information System 
(SEEDIS) over the past four years has provided 
ERDA with a valuable resource by which to carry 
out its broadened mission in energy assessment 
and environmental impact studies. Many LBL 
projects contribute significantly to the SEEDIS 
system by supporting research and development 
of retrieval, analysis, and display programs; 
others make use of existing software, but 
contribute new data resources. 

The expansion of SEEDIS resulted in the 
acquisition and installation of data bases 
required for specific projects, and in the 
implementation and investigation of data 
retrieval., analysis, and display techniques. 
The new data bases acquired or developed this 
year by CSAM include: 
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• The complete se t of annual Current 
Population Surveys for 1969-1975 ( s t a t i s ­
t i c a l l y se lec ted samples of approximately 
45,000 households, which contain info-nna-
t i on on employment by occupation, e thn ic , 
and educational c h a r a c t e r i s t i c s , e t c . ) ; 

• Quarterly data on employment and wages, 
by establ ishment , for the eight western 
s t a t e s for 1974, 1975, and f i r s t quar te r 
1976 (s imi lar in content to County 
Business Pa t t e rn s , but more cur ren t , 
comprehensive, and de ta i l ed ; 

• Population pro jec t ions to 1976 by 
county from the Bureau of the Census; 

• Employment Service data tha t gives 
c h a r a c t e r i s t i c s of unemployed people in 
the labor force (including quar te r ly data 
for a l l s t a t e s at the s t a t e l eve l , and 
for Region IX by local a r ea ) ; 

• An economic/environmental data base 
containing 150 var iables for each county 
in the U.S. , prepared from the Brookhaven 
Atlas on the Energetics of t he United 
S t a t e s ; 

1972 U.S. Input-Output Table, 404 sectors 
1972 California Input-Output Table, 

404 sectors 
1971 Energy Use, f ive energy types , 

367 I/O sectors 
County Business Pa t t e rns , complete, 

1962-1972 
1972 Census of Transportat ion 
1968, 1969, 1970 I/O Tables, U.S.» 

87 sectors 
1967 I/O Tables, nine Western s t a t e s , 

367 sec tors 
MERES Environmental Data Base 
Bechtel Data Base of Energy Technology 

Coefficients 
Brookhaven Energy Model Data Base 
BNL-CAC Energy I/O Model 
GRID Geothermal Data Base 
CALEROI Data Base - (Ca l i fo rn ia energy-

re la ted research and development 
projects) 

Dunn and Eradstreet F i l e , 1972 
Energy Conservation Data Base 
Metropolitan Transportat ion Commission 

IBta Bases 

Under t h e d i r e c t i o n o f C a r l Quong 
and Don A u s t i n (1 t o r , r e a r ) t h e Com­
p u t e r S c i e n c e and A p p l i e d M a t h e m a t i c s 
D e p a r t m e n t h a s become an acknowledged 
l e a d e r i n t h e d e v e l o p m e n t o f c o m p u t e r 
t e c h n o l o g y . For SEEDIS, t h e Computer 
Mapping Sys tem was d e v e l o p e d in p a r t by 
H a r v a r d Holmes ( r i g h t f r o n t ) , and i s 
e x t r e m e l y f l e x i b l e . The Sys tem u s e s 
census d a t a to s t r u c t u r e a c c u r a t e maps 
of p o p u l a t i o n d i s t r i b u t i o n s . V i r g i n i a 
S v e n t e k <?oes i n t e r a c t i v e e d i t i n g . 
(XBB 753-1830) 

• Estimates of 1972 U.S. employment (a) by 
industry and occupation,and (b) by s t a t e and 
indus t ry , for use in input-output ana lys i s . 
In addi t ion , other data bases were added 

to SEEDIS by s t a f f from other LBL departments, 
including: 



The widespread use of SEEDIS necess i ta tes 
constant communication within and external to 
LBL to avoid duplication of e f for t and to 
encourage maximum use of ex is t ing resources. 
Within LBL, CSAM department members regular ly 
at tend meetings of the Regional Studies Group 
(E§E Division) and the Information Research 
Group (Technical Information Department). 
Nfembers of t he LBL Computer Center s t a f f a lso 
regular ly at tend CSAM meetings. Additional 
f ru i t fu l contacts are maintained with numerous 
other LBL groups, espec ia l ly in the Energy and 
Environment Division. Outside LBL, CSAM's 
leadership ro le in the In ter laboratory Working 
Group for Data Exchange and the ERDA Network 
Inves t iga tors Committee ensures constant aware­
ness of t he a v a i l a b i l i t y of SEEDIS-related 
resources . 

C. Projects That Use SEEDIS Data Base 

1. Methodologies for Synthesizing antf 
Updating Data Bases 

Under subcontract to the Center for 
Advanced Computation, University of I l l i n o i s 
(through a National Science Foundation g r an t ) , 
LBL, by using several data bases from SEEDIS 
and o ther sources, has developed the methodology 
and calcula ted the est imates of U.S. employment 
for 1972. These data were required for input 
to the CAC Input-Output model s tudies that use 
the Brookhaven Energy model t o evaluate the 
impacts of Federal po l i c i e s for reducing depen­
dence on foreign o i l imports. These data are 
a l s o being used in an ERDA-funded study of the 
impacts of the proposed California NuLiear 
Nforatorium I n i t i a t i v e , and in a study for the 
Cal i fornia Energy Resources Conservation and 
Development Commission on the impacts of various 
s t a t e and Federal energy po l i c i e s in Cal i fornia . 

A re la ted project involves the development 
of methods for updating se lec ted items from the 
1970 Census by using more current data sources 
[annual Current Population Survey, Population 
Project ions , quar te r ly wage and employment 
r epor t s , Current Business Surveys, e t c . ) . 
The r e su l t ing syn thes i s , ana lys i s , and in tegra­
t ion techniques w i l l be incorporated in to 
SEEDIS, as wi l l the auxi l i a ry data bases . 

2. Fuel and Energy Projects 

As par t of the Regional Studies Program, 
we i n i t i a t e d a projec t to analyze manpower 
cons t ra in t s on energy plant construct ion and 
operat ion. Other projects include an analys is 
of short- term regional impacts of a coal s t r i k e , 
and an economic analys is of fuel and energy use 
in the United S ta tes economy. Data from SEEDIS 
and other sources were used in these s tud ies , 

3. Energetics of the United States 
Mapping P. ject 

The Biomedical and Environmental Assess­
ment Group at BNL contributed a large county-
based f i l e of environmental and economic data 
to SEEDIS, and used the cartographic data base 
and mapping system in SEEDIS t o produce a se t 
of 40 maps of the U.S. by county for t h e i r 
Atlas of Energetics of the United S t a t e s . 

4. Transfer of SEEDIS Data Base 

The Inter-Laboratory Working Group for 
Data Exchange (IWGDE), supported by the Regional 
Studies Program (RSP) of the ERDA Division of 
Biomedical and Environmental Research, developed 
an extended ERDA Standard data exchange format 
to f a c i l i t a t e the t r ans fe r of information 
required by researchers at various Laborator ies . 
SEEDIS f a c i l i t i e s were made ava i lab le to the 
o ther Laboratories over d ia l -up (telephone) 



To identify land use patterns within a census tract, CSAM*s computer system 
overlays a map of the Los Angeles Basin onto a picture of the area taken on a 
smoggy day from an earth satellite. The camera on the satellite used filters 
and film that are responsive to light, mostly outside of the visible range. 



i n t e rac t ive and remote job-entry l i n k s , and 
over the ARPANTT. In addi t ion, se lected SEEMS 
data bases were mailed to ANL, BNL, and LASL in 
both the Qivick-Qwery formats (which required 
that spec ia l ized , one-time-only programs be 
wri t ten at each recipient s i t e ) and the new 
extended ERUA Standard format. This Working 
Group has made good progress in solving the 
resource-sharing problems of RSP and other ERDA 
programs in a general way, and provides a core 
group of experts who wil l continue to address 
future needs in t h i s area. 

5. Employment Information System 

The Lnployment Information System (LIS) 
project seeks to s tandardize quar te r ly wage and 
employment data of business establishments for 
the eight western s t a t e s and to build an infor­
mation system to handle the Department of Labor 
data . These data form an e s sen t i a l component 
for est imating the Gross National Product, and 
are a valuable input t o economic impact modeling 
systems. Currently t he EIS project i s studying 
s t r a t e g i e s for t ime-ser ies data s t ruc tur ing of 
the data base as well as e f f i c i en t schemes for 
updating and guaranteeing data i n t e g r i t y . 

6. SIRAP/REAP 

The S1RAP (System of Information Retrieval 
and Analysis for Planners) project has completed 
an interface between the SIRAP port ions of the 
SEEDIS data base, the LBL computer mapping 
system, and the SYMAP p r in t e r -p lo t mapping 
program. This in te r face wi l l allow for rapid 
display of socioeconomic, demographic, or 
environmental data in geographic map format 
both at LBL and at remote s i t e s . 

We have developed the REAP system for 
user in te rac t ion and rapid r e t r i eva l of socio­
economic and deiiKjgraphic data for use by the 
U.S. Arm>' Corps of Engineers and other govern­

mental agencies. Data f i l e s of value to 
planners are i n s t a l l e d a t LBL in the SEEDIS 
data base, and on- l ine access to these data 
provides timely information to a s s i s t planners 
in evaluating the s o c i a l , economic, and environ­
mental impact of t h e i r c i v i l works p r o j e c t s . 
Manuals to guide the user a re cont inual ly 
updated to re f l ec t the modifications and addi­
t ions t o the 51 RAP/REAP data bases and programs. 

7. Regional Management Informat ion 
System (RGNLMIS) 

The in te rac t ive r e t r i e v a l program RGNLMIS has 
been developed to provide immediate access to 
information avai lab le in the Employment Securi ty 
Automated Reporting System (ESARS) data base. 
Users a t remote terminals can now iden t i fy , 
loca te , and obtain the speci f ic information 
they require in a timely manner. All Region IX 
statewide E&ARS summary reports and the l a t e s t 
National and Regional Total reports have been 
i n s t a l l e d at LBL. The RGNLMIS Users Guide 
provides guidance to a s s i s t users in r e t r i ev ing 
the data from the ESARS data base, updated 
information on the content of the data base, 
and the current c a p a b i l i t i e s of the i n t e r ac t i ve 
r e t r i eva l system. 

Redesign of the ESARS data base is 
expected t o provide users with more timely 
access to the abundant amount of information 
concerning the eniployment s t a t i s t i c s and welfare 
of the American people, which i s co l lec ted under 
the ESARS program. The iden t i f i ca t ion of the 
data items avai lab le in the source f i l e s and 
the determination of the data elements which 
should be in the output data base a re t he f i r s t 
steps in designing a useful data s t ruc tu re 
having the proper physical arrangement and 
i n t e r r e l a t i o n of data i tems. Research i s 
continuing on the programming logic necessary 
to aggregate the source f i l e s in to an ef fec t ive 
ESARS summary- data base for use by planners 
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throughout the Employment and Training Admini­
s t r a t i o n of the Department of Labor. 

The f a c i l i t y to display ESARS data of 
i n t e r e s t at a graphics terminal i s now ava i lab le . 
Tabular data ex t rac ted from the ESARS data base 
a re transformed into bar and p ie cha r t s , l i n e 
graphs, histograms, e t c . for display using the 
CHART system. 

8. ERDA Participation on the Federal Agancy 
Council on the 19B0 Census 

I n i t i a l contacts were made with the 
Federal Agency Council on the 1980 Census, 
which culminated in a formal i nv i t a t i on request­
ing ERDA's p a r t i c i p a t i o n as a member of tha t 
bod)-. The Council, composed of representa t ives 
of approximately 90 federal agencies, provides 
an organizat ional channel through which federal 
agencies tha t make extensive use of decennial 
census mater ia ls can transmit advice to the 
Office of Î fetnagement and Budget and the Census 
Bureau. The Council 's e f fo r t s focus on broad 
aspects of the 1980 Census, including proposals 
for new quest ions , major changes in procedures 
or samples, and tabula t ion and publ icat ion p lans . 
ERDA's expanded mission in energy pol icy assess­
ment and evaluat ion of the s o c i a l , economic, 
and heal th impacts of new energy teclinologics 
requi res an increased ro le in influencing census 
pol icy issues and in keeping informed of devel­
opments r e l a t ing t o the census. By es tab l i sh ing 
t h i s o f f i c i a l t i e ERDA wi l l f a c i l i t a t e i t s 
p a r t i c i p a t i o n on future working groups and 
subcommittees es tab l i shed by the Council. LBL, 
because of i t s extensive experience with the 
1970 Census, wi l l serve as s t a f f support in 
coordinating ERDA input to the Council and i t s 
working committees. 

9. Geographic Data Base 

The Geocoding Subcommittee of the IWGDE 
began inves t igat ing the standards for geocoding 

geographical and p o l i t i c a l a reas , for coordinate 
systems in use, and for exchange of geographic 
base f i l e s among ERDA s i t e s . The Harvard 
University package POLYVRT was i n s t a l l e d a t 
LBL and we designed and implemented an i n t e r ­
face module between LBL's MAPEDIT and POLYVRT. 
A t e s t f i l e was sent to ORNL for processing, 
s ince POLYVRT i s running on IBM equipment the re . 
In re turn , ORNL is t o send a POLYVRT f i l e to 
LBL to complete the i n i t i a l t e s t ing of geo­
graphic f i l e t r ans fe r . 

10. Water Resources Project 

A ser ies of t ab les has K-en generated 
for the California State Department of Water 
Resources showing water use by manufacturing 
indust r ies in California in 1970. The t ab les 
a re pat terned on a previous survey for the 
years 1957-1959. For each major Standard Indus­
t r i a l Class i f ica t ion and/or county, the t ab les 
present the water in take , use , source, rec i rcu­
l a t i o n , discharge, and po ten t i a l acceptance of 
reclaimed water of approximatley 600C report ing 
manufacturers, as well as an est imate of the 
t o t a l fresh water use by a l l 27,000 manufact­
uring indust r ies in Cal i fornia . 

11. LBL Interactive Resource Index (LBLIRI) 

As a r e su l t of consul ta t ion with members 
of the Computer Science and Applied Mathematics 
Department, the Energy and Environment Division, 
and the Technical Information Division, we es tab­
l i shed i n i t i a l guidel ines and p r i o r i t i e s for 
LBLIRI. A preliminary l ib ra ry of information 
on documents, programs, and data relevant to 
LBL SEEDIS has been assembled and is avai lable 
in a BDMS data base. We intend that t h i s data 
base wi l l be expanded to include valuable 
documentation on data bases avai lable through­
out the ERDA labora to r i e s . This information 
wi l l be access ib le to remote users , and wi l l 



provide a high level of in ter labora tory 
communication. 

12. National Technical Information Service 
(NTIS) 

Because the systems and techniques devel­
oped in conjunction with SEEDIS, and the demo­
graphic and economic data bases i n s t a l l e d 
there in a re of general i n t e r e s t to the research 
community, we have implemented a mechanism to 
fos te r sharing of these resources. During FY 
1976 an interagency agreement was executed 
between ERDA and the Nitional Technical Infor­
mation Service (NTIS), which provides government 
agencies , a f f i l i a t e s , and grantees of those 
agencies, and the public with access through 
NTIS to SEEDIS data bases , data,and programs 
for r e t r i eva l and display. Currently, a s e r i e s 
of manpower reports developed under the sponsor­
ship of the Department of Labor i s ava i lab le 
through NTIS for user -spec i f ic geographic a reas . 
Users may a lso request special analyses that 
might require unique s t ruc tur ing of data within 
SEEDIS or data not avai lable in a standard 
format. 

13. Training in the Use of SEEDIS Interactive 
Systems 

Following the development of SEEDIS and 
i t s systems for i n t e rac t ive data r e t r i e v a l and 
ana lys i s , which were designed primari ly for use 
by persons who are not o rd ina r i ly involved with 
computers, the need for an educational program 
became apparent. Users guides are ava i lab le 
for each r e t r i e v a l and analysis system, and 
documentation wri t ten for the layperson has 
been, prepared, describing the often puzzling 
procedures for connecting the u s e r ' s terminal 
t o the IJiL computer. The users guides are being 
supplemented by videotapes that d e t a i l the 
i n t r i c ac i e s and c a p a b i l i t i e s of each system. 

In addi t ion, a se t of workbook-li!;c- guides 
containing s tep-by-s tep examples are being 
prepared for new users of the SEEDIS system, 
A consultant i s avai lable in the CS.AM department 
to help solve problems or answer quest^.jns that 
a user may have. 

D. Computer Graphics 

1. Computer Graphics and Interactive 
Programming Techniques 

Our research in computer graphics i s 
directed toward enhancing human-machine commun­
icat ion in the areas of data ana lys i s , manipu­
l a t i on , and d isp lay . Graphic displays provide 
immediate comprehension of t r ends , c l u s t e r s , 
and re la t ionsh ips in complex data . By express­
ing data transformations in graphic terms, the 
nonmsthematical i t e r can gain insight i n to the 
underlying s t ruc tu res of data . 

2. Graphic Representation of Tabular Data 

Development of CHART, an in t e rac t ive 
analysis and display program for tabular da ta , 
continued. Most people have trouble ass imi la t ­
ing even small amounts of Ja ta in tabular 
format; comprehension i s much greater with t* 
use of famil iar graphic representat ions such 
as those found in newspapers, magazines, and 
technical journa l s . CHART uses a vocabulary 
of basic forms — l i n e s , b a r s , p i e s , shading — 
which may be successively modified u n t i l a 
sa t is fying p ic ture i s obtained. Graphic manip­
u la t ions t ha t may be performed include t a b l e 
reorganization such as ranking on the bas i s of 
a pa r t i cu la r row or column, data c a l i b r a t i on 
and se lec t ion , seal g and binning, se lec t ing 
graphic va r i ab l e s , and display annotation and 
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embellishment. 
Limited da ta-analys is capab i l i ty i s a lso 

provided. Raw data may be sys temat ica l ly 
transformed into p ro f i l e s by comparing rows o r 
columns with a standard reference. Change, 
percent , or percent change from the reference 
allows objects to be compared across a t t r i b u t e s 
h-hen riw data values cannot be compared 
d i r e c t l y . 

MATBOARD, developed in p a r a l l e l with 
CHART, i s a prototype program that has been 
designed to permit study of the f e a s i b i l i t y of 
in tegra t ing data analysis techniques with 
graphic formats to aid decision maters . One 
p a r t i c u l a r c lass of graphic displays (matrix 
di=plav) and one type of data analysis (dimen­
sional scal ing) are in tegrated within MATBQARD 
and offer an aid for two di f ferent cognit ive 
tasks - ordering and c lus t e r ing rows and/or 
columns of L data matrix. 

In addi t ion , a bridge between RGNLM1S 
and CHART has been b u i l t as a f i r s t s t ep toward 
supplying a da t a - r e t r i eva l f a c i l i t y for CHART. 
Given by a user-designed report template where 
tabular data values are designated by data 
desc r ip to r s , the two progroiis are used in 
tandem to r e t r i e v e and display the desired 
data . 

3. Mapping System 

The LBL thematic mapping system, CARTE, 
provides several types of displays based on 
geographic base f i l e s and geographically-coded 
data . CARTE was expanded to incorporate a 
va r i e ty of f a c i l i t i e s for data in tegra t ion and 
manipulation t o allow the i n t e r ac t i ve analys is 
of geographic dfcta by real - t ime displays of 
thematic maps. 

Applied research has been the focus of 
developments in i n t e r ac t i ve thematic mapping. 

An exploratory interface to Fourth-Count Census 
data through BDMS was developed, and i t g rea t ly 
reduces user need for knowledge o^ data-base 
s t r u c t u r e . 

Display reclmiques appropriate for refresh 
or storage CRTs were developed, and the concur­
rent developments in GRAFPAL were made an in te ­
gral part of in te rac t ive CARTE. Multiple 
windowing and three types oC choropleth shading 
(character to cent ro id , pa ra l l e l l i n e s , c ross -
hatched l ines) were implemented. These feat in es 
allow the in te rac t ive user to compose a p i c tu re 
of the base map along with expanded subareus of 
i n t e r e s t , shaded as the user defines (emphasis­
ing bins of i n t e r e s t , maximizing use of device 
features) with sc r ip t t i t l e s . Thus the p ic tu re 
at the console i s the same (within de \ ice l imits) 
as that produced i f a hard copy were made. 

4. Diagrammatic Language Processors 

PICASSO is a graphics modeling system. 
Models are drawn b> the user as two-dimensional 
diagrams. These diagrams incorporate symbols 
that have been previously defined by the user 
and which are then t rans la ted into the l i n e a r 
(card image) languages of most analysis programs. 
This system was used as a bas is fo: - developing 
the CUPID graphics language processor for the 
re la t io r . i l data management system INGRES. The 
graphics ed i tor module of PICASSO was imple­
mented on the INGRES PDP-11 at UCB, leaving the 
complicated topological analysis and macro-
processor modules res ident on the CDC b600. 
This provides a d i s t r ibu ted computing environ­
ment with fast response to the in te rac t ive 
diagramming phase on an i n t e l l i g e n t terminal , 
and t ransfe rs the complex operations to the 
large machine. A hard-wired l ink , es tabl ished 
between the INGRES machine and the LBL complex, 
afforded network access to a l l these systems. 
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5. Relational Data-Base Management 
System Evaluation 

LBL's geographic data-base index was 
in s t a l l ed in the INGRES system to help users 
explore and evaluate the eff iciency of a 
r e l a t iona l data-base management system, 

6. Generalized Dislay Routines 

GRAFPAC is a set of device-independent 
rout ines designed to standardize programming 
for dif ferent kinds of display and graphics 
equipment. I t i s continual ly being improved to 
include both support for new equipment and 
special interfaces for software compat ib i l i ty . 
GRAFPAC has also been extended to include the 
capab i l i ty of displaying mixed hardware and 
software (vector) charac te rs . 

A high-level graphics system, IGS/NCAR, 
and the CalComp p l o t t i n g subroutine l i b r a ry have 
been interfaced with GRAFPAC. The IGS/NCAR 
packages provide such high-level f a c i l i t i e s as 
log-log p l o t s , three-dimensional surfaces with 
bidden l ines removed, contour p l o t s , polar p lo t s , 
e t c . This i s the f i r s t complete graphics 
system ever avai lable at LBL. 

Graphics output to multiple devices in a 
s ingle job can be achieved conveniently by 
using TVOPEN. 

E. Computer Networks 

1. Network Implementation and 
Experimentation 

By the end of FY 1976 we w i l l have 
completed the implementation of fu l l network 
f a c i l i t i e s at LBL, including user and server 
TELNET, user and server Fi le Transfer Protocol 
(FTP), and automatic FTP. Work on Network 

Control Program (XCP) and FTP protocols has 
produced a ten-fold improvement in the e f fec t ive 
r a t e of data t r ans fe r - a s ign i f i can t aid in the 
experimentation process . Current single-hop 
t ransfe rs have been measured at 14 k i l o b i t s per 
second. 

Experimentation over the network began in 
earnest t h i s year as the other laborator ies 
completed t h e i r implementation work. Experi­
ments conducted in col laborat ion with about ten 
s i t e s are described in the LBL ERBA Network 
Experimentation Project Status Report. The 
most successful of these includes the cooper-
t i v e development of MINPACK with the ANL Math­
ematical Software Group, the exchange of 
exporijnental physics data in textual and 
graphical form with Rutherford Laboratory, 
cooperation in ELF II system development with 
BNL and NYU, and job export/import with MIT-LNS 
and UCLA. The data management system BDMS was 
improved and standardized t o ANSI FORTRAN ror 
i n - t a l l a t i o n on two addi t ional network hosts 
(BNL and RHEL) in preparat ion for experiments 
in data-base sharing. 

LBL es tab l i shed an ERDA Network Inves t i ­
gators Panel teleconference t ha t uses the 
PLANF.T2 system developed by tne I n s t i t u t e for 
the future. The teleconference i s running on 
a PDP-10 at Bolt Beranek and Newman, Inc. in 
Cambridge, Massachusetts, and i s accessible 
over both the ARPANET and TELNET. P a r t i c i ­
pants include inves t iga tors from AM, LBL, LLL, 
BNL, NYU, MIT-LNS, and ERDA Headquarters. I t 
i s expected that t h i s te leconferenring medium 
wi l l provide continuous in te rac t ion among the 
members of the ERDA Network Group, thereby 
considerably enhancing the network exp'rimenta-
t ion a c t i v i t y . 

2. Regional Automation System 

The Regional Automation System fRAS) 
study i s a comprehensive evaluation of the 



management in format ion system used hy regional 
imJ national off ices of the Department of I.abor 
for tracking employment and t ra in ing programs, 
primarily under ilil'A (the Comprehensive Employ­
ment Training Act) . The I.BL study is focused 
on pinpointing operational and managerial 
def ic iencies within the ex i s t ing RAS procedures. 
I'o thi:- end, LBI. computer s c i e n t i s t s have 
v i s i t ed five regional off ices as well as the 
Washington D.C. headquarters of the Department 
of Labor to survey ex i s t i ng operat ions . The 
study is intended to provide a set of de ta i led 
a l t e rna t ive plan? for the improvement, of RAS, 
ranging from minor modification of ex i s t ing 
operations to replacing the ex i s t i ng cent ra l ized 
system with a d i s t r ibu ted data-base minicomputer 
network operated from regional o f f ices . 

F. Management Information Systems 

1. Technical Information Projects 

The projects on technical information 
r e t r i e v a l are carr ied out in support of the 
LBL Information Research Group. There are two 
major areas of e f f o r t : I 1 Select ive Dissemina­
t ion of Information (SOI) there has been great 
progress in software modularization so tha t one 
computer system can be used on a var ie ty of 
bibl iographic data bases. This required devel­
opment of generalized concepts for read modules 
and formatting modules. The second major e f for t 
has involved advanced techniques for handling 
bibl iographic information. A batch version of 
the Thesaurus Management System has been 
completed, and an in t e rac t ive version i s under 
considerat ion. Bibliographic data bases have 
been combined and primari ly converted to a 
common data-base management system, BDMS. 

2. Management Information Projects 

The projects carr ied out in support of 
the management of the Laboratory have served 
numeroL-.s managers including the departments 

onccnied with personnel needs, the offices 
coord in.''ting budget and technical support 
e f r o r t , and the managers of the research 
d i \ i s i o n s . 

The Budget Management System, used 
primarily by the divis ion managers, had to be 
extensively rewri t ten because of changes in the 
Laboratory's accounting s t ruc tu r e . The f i l e 
s t ruc tu res were simplified" and reorganised to 
f a c i l i t a t e ant ic ipa ted future rev i s ions . Diiri:.^ 
t h i s conversion process , the standard report 
generators were modified to use a uniform method 
for obtaining aggregate sub to t a l s . Final ly , the 
managers were allowed e a r l i e r access to monthly 
accounting data by i n i t i a t i n g a f i l e update 
from t h e i r terai inals . 

A new Support Effort Management S>stem 
has been wri t ten that uses the same rype of 
i n t e rac t ive dialogue as in the successful 
Budget Management System. 

Two new ser ies of reports were developed 
for the Budget Office: one i s or iented to ERDA 
report ing requirements, the other cons is t s of 
work sheets for e l i c i t i n g budget try plans from 
div is ion managers. We have begun inves t iga t ions 
for developing an in te rac t ive system to f a c i l i ­
t a t e updating these p l ans . 

Programs were wr i t ten for the Personnel 
and Affirmative Action Departments to f a c i l i t a t e 
analyses of minority u t i l i z a t i o n , ^f r e c l a s s i f i ­
ca t ion , and of professional s a l a r i e s . A data 
base was developed for the Vis i to r Arrangements 
Department by using DATABASE. The personnel 
tajie was converted for use with the Qwick -Query 
report generator, iJiich s impli f ies the genera­
t ion of a vide var ie ty of reports on an "at 
need" b a s i s . 
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3. Space Analysis System 

A space analysis system has boon developed 
t o aid in reassigning off ice and laboratory 
space. Details from a plant engineering data 
base on loca t ions , and from the personnel tape 
on occupants were combined with co l lec ted data 
about t he assignment of personnel t o speci f ic 
loca t ions . The merged data base enables reports 
containing relevant space a l loca t ion information 
to be generalized eas i ly via the Qwick-Qwery 
report-generat ion system. 

4. ERDA/SAN Management Information 
Sybtem Projects 

I n i t i a l s tudies are under way to provide 
the F.RDA San Francisco Operations Office with 
a management information system for handling 
con t rac t s , budgeting, and project management 
t a sks . The system design wi l l begin in FY 1977 
and wi l l be t ranspor table to other ERDA s i t e s 
for use by o ther operations o f f i ces . I t wi l l 
be based on a general data management system 
that can meet the cont inual ly changing needs 
of F.RDA management. 

G. Computational Physics and 
Data Analysis 

1. Plasma Computations Group 

The Plasma Computations Group i s develop­
ing a modeling capab i l i ty in simulating high-
current space-charge l imited beams t ha t i s 
applicable to source, acce le ra tor , and fusion-
device s tud ies . This work i s in support of the 

TORMAC, the neutral-beam-source development 
235 program of the LBL CTR d iv i s ion , and the U 

separator and high-current l inac development 
programs of the Lawrence Livermore Laboratory-

Several L-odes for use in t h i s mission have been 
implemented, among which are the ion-source 
programs WOLF and BATHS, and the e lect ron 
t r a j ec to ry program HGUN. 

We are continuing the development of the 
h'OLF code, with modification of the electron 
deposit ion procedure and improvements in the 
rout ines for optimization convergence c r i t e r i a 
and t ra jec to ry t rack ing . The in te rna] documen­
t a t ion of WOLF has been completed, and a u s e r ' s 
operations manual i s in preparat ion p r io r to 
d i s t r i b u t i n g the program to the Argonne Code 
Center. 

The WOLF code continues t o be used t o 
study the e lect rode geometry and ext rac t ion 
scheme for the separation of ' J 2 3 5 and I I 2 3 8 

isotopes by se l ec t ive laser ion iza t ion . The 
design selected for the isotope separator now-
being fabr icated at LLL is a r e su l t of the 
appl ica t ion of the code to the inves t igat ion 
of several different geometries. 

A code has been developed .*or evaluating 
power deposit ion in high-energy neutra l beam 
l ines that consis t of many converging soutces. 
Our p rac t i ca l i n t e r e s t comes from wanting to 
in ject neut ra l deuteron beams in to fusion 
devices at energy levels of many tens of mega­
wat ts . For t h i s we need de ta i l ed knowledge of 
power densi ty p rof i l es to determine p rac t i ca l 
aperture s i z e s , s l i t arrangements, and locations 
for beam dumps. 

We have made calcula t ions for a device to 
recover energy d i r ec t l y from the charged 
fract ion of a ho t , neut ra l ized duoplasmatron 
ion-source beam. The EGUN code was used to 
inves t iga te the behavior of the ion beam with 
cy l ind r i ca l symmetry under several e lect rode 
configurations and modes of opera t ion. 

The preliminary design was completed for 
a high-current ,10,000A l inear acce le ra tor . The 
beam i s generated from a high-current diode 
source operat ing a t two megavolts and acceler­
ated to 50 MeV. With the program EGUN we 
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generated phase-space so lu t ions for t h i s source, 
which were used as input to the space-charge 
code TRANSPORr for evaluat ing the tune and 
spacing of the acce le ra t ing modules and solenoid 
lenses . 

Several codes have been wri t ten by which 
t o manipulate and analyze t he experimental i a t a 
from TORNWC. The raw data can be p lo t ted or 
analyzed by f i t t i n g to a Gaussian or Lorentzian 
d i s t r i bu t ion to determine the amplitude and 
width of the spec t ra l l i ne shape. Selec t ive 
acqu is i t ion of speci f ic data can be made, and 
a leas t - squares f i t of the spectrum performed, 
a f t e r removal of the instrument function. 
Plots of signal amplitude and width over the 
short duration time can a l s o be made. 

A code was wr i t ten for the se l f - cons i s t en t 
solut ion of p a r t i c l e densi ty and e l e c t r i c f i e ld 
in and around a one-dimensional plasma boundary. 
The r e s u l t s of t h i s code are used as input to 
the KOLF program for proper simulation of 
conditions c lose t o a plasma-emitting surface. 

Our study continues on the ex t rac t ion 
design for a high-current deuterium plasma 
source, for which the p o t e n t i a l s , shapes,and 
electrode pos i t ions are being optimized for 
h igh-qual i ty la rge-current emission. These 
sources wi l l be used to heat and sus ta in CTR 
plasmas. 

2. Muon Orbits in the CERN G-2 Ring 

The e f fec t of t he gaps in the e l e c t r o ­
s t a t i c focusing f i e ld on the muon paths in the 
G-2 ring was inves t iga ted . At the same time a 
study was made of the d i s t o r t i o n of the closed 
o rb i t s for p a r t i c l e s with momenta off the 
design value. 

3. Magnetic Shielding Design Computations 

Extensive modifications were made t o 
program JASON to allow one to ca lcu la te magnetic 

f ie lds that have a fixed boundary condit ion. 
Tins refinement mr.de i t possible to study the 
design of magnetic shieldings for the Baseball-
1I-T Target Plasma experiment at ILL. 

The modifications that were applied to 
JASON f a c i l i t a t e d design of the magnetic shie ld­
ing for t he mul t ip le beam source used in a 
modified version of the target plasma buildup 
experiment undcrtak m by LLI„ 

4. Beam-Beam Interaction 

The computer pre gram Pi:'P, a beam-beam 
in te rac t ion program, lias been used extensively 
to inves t iga te beam d i s t r i bu t ions for weak-
strong beam in te rac t ions in the presence of 
synchrotron modulation of both the longitudinal 
pos i t ion and ring matching tunes . The basic 
program has been modified extensively to include 
the ca lcu la t ion of betat ron functions that are 
functions of both pos i t ion z and e a r l y / l a t e 
timing. I t has been determined that betat ron 
envelopes for the strong beam-strong beam 1.5-
GeV SPE-VR machine give a dynamic s t rong beam 
that has the correct envelope. Beam d i s t r i b u ­
t ions for t h i s strong beam case have been 
simulated for the l.S-GeV SPEAR machine and 
the r e s u l t s are present ly being analysed. 

5. PEP/ESCAR 

A program named CUR was used to calculate 
the fundamental modes of somo parasitic resonant 
cavities in the PEP design. This project will 
continue, with the possible inclusion of the 
program SUPER FISH written by Klaus Halbach. 

Calculations of magnetic fields and the 
harmonic components of vector potential were 
made for dipole bending magnets of the ESCAR 
project by using the program TRIM. 

The magnelostatu" program TRIM was 
modified to allow the use of a finite domain 
by incorporating a boundary condition that 
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r e f l ec t s the fact that there are no external 
sources or s inks . The use of a f i n i t e domain 
allows a more effect ive use of the grid points 
in the iron and in the f ie ld region, 

6. SPEAR tff Particle Experiments 

The kinematic f i t t i n g program SQUAW has 
been adapted for appl icat ion to the data from 
the SPEAK elec t ron-pos i t ron co l l id ing beam 
experiments. In August 1975 the decay of t he 
if;'(3700) p a r t i c l e into intermediate s t a t e s 
( l a t e r named X's) was convincingly demonstrated. 
This decay was f i r s t thought to r esu l t in two 
s t a t e s , but improved resolut ion gained by 
analyzing the data with the SQUAW program has 
shown c lea r ly that there are three s t a t e s . 

Data from both 0(3100) and *'C3700) have 
now been analyzed by using t h i s technique, 
which has helped t o c l a r i fy the mesonic and 
baryonic decays of these p a r t i c l e s . Of p a r t i c ­
u la r i n t e r e s t i s the separation of A-"X from 
X-X final s t a t e s , analysis of which has been 
aided by the f i t t i n g program. 

Data collC' ted and analyzed at SLAC were 
converted to CDC-7600 formats used at LBL for 
physics ana lys i s . Recent discovery of a 
p a r t i c l e which decays to KTT and i s believed 
to be d i rec t evidence for a charm quantum 
number, was based on the processing of these 
data . 

7. Computational Assistance to Nuclear 
Chemistry 

Moments of ine r t i a and magnetic moments 
of paired nuclei were computed and p lo t t ed . 
A p l o t t i n g program sui ted to the weeds of the 
nuclear f i ss ion group was begun. Consulting 
and general programming ass is tance was provided 
to the Nuclear Theory Group. 

8. COBWEB and Other Ely Group Support 

We continue to maintain the COBWEB 
system and i t s associated production programs. 

A special measuring procedure was wr i t ten 
for COBWEB to permit the measurement of film 
from the Fermilab 15-foot bubble chamber. 
This new procedure uses s ingle-point d i g i t i z a ­
t i o n s , whicli define the ends of each track i r 
an event. COBWEB then drives the stage to 
within 3 microns of the point to a id the 
measurer in picking out the correct t r a c k s . 
An SPVB scan tab le has been put on - l i ne , and 
a scanning procedure was wri t ten to d i g i t i z e 
the endpoints of the tracks while the film is 
being scanned. 

To study the data from the Fermilab exper­
iments on 400-CeY/c protons in the 15-foot bubble 
chamber, the geometric reconstruct ion progTam 
TFVP was modified so that events of unusual 
configuration can be handled conveniently. 

The project to develop a large supercon­
ducting solenoid for detec tors at PEP involves 
design of a procedure to use the image plane 
d i g i t i z e r s to measure polaroid p ic tu res of 
osci l loscope t races of s ignals relevant t o the 
t e s t s of the magnet. Programs to analyze and 
display the measured data a re being wr i t ten by 
usiii£ ERGON, a data summary and display system. 

9. Automated Counting of Cetl Clones with 
the Flying Spot Digitizer 

The computer programs developed to count 
t i s s u e clones were designed on the bas i s of two 
typica l p e t r i dish images supplied by the Tobias 
group las t summer. A 90-dish sample of two 
t i s s u e s t r a i n s was d ig i t i zed in February. This 
sample was photographed by using the new high-
volume techniques; colonies had subs t an t i a l l y 
different appearance from the i n i t i a l da ta . 
Three d ig i t i z i ngs of the film were made, a t two 



M 

FSD threshold levels, in order to study repro­
ducibility of counting. 

The counts obtained from the runs and 
hand counts made by members of the Tobias group 
were compared. Since diameter is said to be 
the principal criterion for selection of the 
clones in the hand counts, diameter measurements 
from the three dipitiiing runs were compared. 
Reproducibility of individual colony diameters 
for constant digitizing threshold, as measured 
by differences from the mean of both runs, was 
excellent. Diameters were well correlated for 
different thresholds. Clone counts for the 
total sets made by visual and automated proced­
ures had excellent agreement. Counts of about 
10 percent of the individual dishes showed 
significant difference between visual and 
automated counts, although the automated counts 
of all thresholds agreed well internally, as 
did the visual counts. This suggests that 
visual counts, perhaps unknowingly, are subject 
to some additional selection criteria. 

A study of the images that yielded 
significantly different counts was begun. 
Program modifications reflecting more subtle 
criteria than clone diameter alone are expected 
to result in satisfactory agreement of individ­
ual dish counts. 

H. Mathematical Modeling 

1. Biological Models 

The model building and data fitting 
program, SAAM26, written by M. Berman and 
M. Weiss of the Laboratory for Theoretical 
Biology at the National Institutes of Health 
has been converted for use on the CDC 7600. 
The program contains some 250 subroutines and 
is being updated continually to reflect modifi­
cations by the authors. Currently under devel­

opment is an interactive batch-submittal 
program for providing access to SAAM26 over 
the ARPANET. 

2. Optimization 

The GUMPS linear programming package is 
being used to solve a variety of problems by 
local users and those at remote sites including 
PNL, Brookhaven, and Argonne. Testing and 
modification continue. The post-optimal 
parametric routines have been improved. Input 
and restart procedures have been changed in an 
effort to reduce user errors. 

PMG, the new interactive program to assist 
in project planning and management, is now avail­
able, without the scheduler, on the C X 6600. 
It will soon be tested on the ModComp computer. 
We plan additions to the basic program in 
scheduling, graphics, and control capability. 
Assistance has been given to planners of 
projects including the SuperHILAC, Bevatron, 
ESCAR, and CTR construction. 

Maintenance continues on SAP IV, a 
program for the static and dynamic analysis of 
linear structures. 

FASTPATH, a geochemical simulation 
system from Kennecott Copper Corporation has 
been implemented. 

We have written programs to examine, 
display, and fit solubility curve data. 

An attempt has been made to find a simple 
expression which represents singit. electron 
time spread as a function of current pulse 
width for various photomultipliers* 

3. HEMP 

The HEMP program, originally developed 
by M. L. Wilkins at 1XL, solves the conserva -
tion equations of two-dimensional elastic-
plastic flow in the x-y plane or in coordinates 
with cylindrical symmetry around the x-axis, 



and uses the method of f i n i t e differences and 
the Lagrangian formulation. The program has 
been implemented in FORTRAN for the LBL CDC 
7600. A comprehensive revision has begun,which 
wi l l add a graphics capabi l i ty and improve 
HEMP's general eff ic iency. A new version of 
the HEMP Users Manual i s under development and 
wi l l r e f l ec t local changes T ? . . Jdi t ions . 

I. P r o g r a m m i n g Languages 

1. Programming Languages Research 

Control s t ruc tu re extensions to FORTRAN 
were surveyed, evaluated, and t e s t ed . In 
cooperation with the University of Southern 
Cal i fornia , a survey was made of over 50 FORTRAN 
d i a l e c t s , d i rec ted to examining the control 
s t ruc tures of the language. Based un a synthe­
s i s of these d i a l e c t s , a proposal for compatible 
extensions of FORTRAN control constructs was 
published. The proposed changes were a l so tes ted 
within the framework of LBL's B4TRAN. 

The systems implementation language BCPL 
was ins ta l l ed by the Real-Time Systems Group at 
LBL on several d i f ferent types of computers 
(CX, DEC, and ModComp). Work began on improv­
ing the eff ic iency of the generated code by 
machine-independent techniques, and plans have 
been developed for using i t as the basis for 
implementing extended FORTRAN dialect : . . 

Publication of a FORTRAN Development 
Newsletter was begun, to provide a forum for 
the many ideas and techniques re la ted to FORTRAN 
enhancements. Six issues t o t a l i n g some 80 pages 
of reports concerning known developments (includ­
ing progress toward the forthcoming revised 
FORTRAN standard ANS X3.9-1977) and correspon­
dence from developers of FORTRAN extensions 
were d i s t r ibu ted t o an average of 500 addresses. 

2. META, Table of Isotopes Project 

A production code was developed for 
checking table-of- i so topes data for proper 
syntax. Concurrently, a production code was 
developed for specifying syntax ru les by using 
the syntax-oriented META language. Nbre complete 
and sophis t icated versions are now ava i l ab l e , 
which are modeled on these two p i l o t codes. 

J. Applied Mathematics Research 

1. Capillary Phenomena 

Work continued on the cap i l l a ry - f r ee 
surface problem. We obtained new ana ly t ic 
est imates for the shape of a pendent l iqu id 
drop, and with them proved preliminary asymp­
t o t i c r e s u l t s for convergence to the s ingular 
pendent drop as the vertex height extends down­
ward t o i n f i n i t y . Also, i t was proved t ha t a 
small c ap i l l a ry tube dipped into an i n f i n i t e 
reservoi r need not l i f t l i qu id higher than a 
l a rge r tube, i f the larger tube is not c i r cu l a r 
in cross sec t ion . 

A comparative study continued on the 
re laxa t ion and generalized conjugate gradient 
i t e r a t i v e techniques for solving numerically 
the cap i l l a ry - f ree surface problem in two 
dimensions, including the p o s s i b i l i t y of corner 
s i n g u l a r i t i e s . 

2. Mechanics and Biomathematics 

Tijne-evolution was studied for the system 
of i n f i n i t e l y many p a r t i c l e s i n t e r ac t ing with 
the hard-sphere p o t e n t i a l . A s ingular so lu t ion 
was found, wiich corresponded t c the motion in 
a plane of a sphere re f lec ted i n f i n i t e l y often 
from a boundary- curve in f i n i t e tijne. We 
es tabl ished necessary conditions for such 
s i n g u l a r i t i e s r.o occur. 
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Numerical and ana ly t ic s tudies of the 
nonlinear propagation phenomena in damaged 
hear t f ibers were completed. Experimental 
observations were explained in terms of physic­
a l l y meaningful parameters used in construct ing 
the mathematical model. Extensions of the 
techniques hold promise in providing fur ther 
understanding of the underlying b io logica l 
mechanisms. 

We have under study a model of ske le ta l 
dynamics, which is able to reproduce experimental 
data on the time course of b lood- level , excre­
t i on , and ske le ta l content of bone cons t i tuen ts . 
Di f f i cu l t i e s remain in finding experimental 
data on the r e l a t i v e amounts in the skeleton 
of a p a t i t e c rys t a l s of various de ns i t i e s . 

3. Numercial Methods for Differential 
Equations 

Our s tud ies continued on the e f f i c i en t 
use of fas t d i rec t methods for the numerical 
solut ion of separable e l l i p t i c equations on 
i r r egu la r domains. For the Poisson equation, 
the effect of boundary conditions on the 
frequently used capacitance matrix method was 
analyzed, and new techniques were developed. 

The study of the generalized conjugate 
gradient method in combination with fas t d i r ec t 
and other s p l i t t i n g techniques was extended to 
include nonsymmetric as well as symmetric 
problems. By so doing we fur ther expanded the 
already numerous p o s s i b i l i t i e s for appl ica t ion 
of t h i s method. 

An adaptive scheme was developed for 
solving two-point boundary value problems for 
ordinary d i f f e r e n t i a l equations. The scheme 
compares favorably with other methods for such 
problems, p a r t i c u l a r l y problems with mild 
boundary l aye r s . 

4. Fluid Flow 

Research continued in techniques for the 
numerical solution of problems in s l i g h t l y 
viscous flow, which permit s tudies of the 
boundary layer separation and the effect of 
wall geometry on turbulence l eve l s . Kc began 
work on the numerical study of the ergodic 
proper t ies of fluid flows obtained by t runcat­
ing the Fourier transform of the Navicr-Stokes 
equat ions, in order to assess spectral approx­
imations of turbuleiit flow. 

Development of a technique for the 
e f f ic ien t numerical solut ion of ttie Bolt:mann 
equation was completed, and i t was iwed success­
fu l ly t o study shock s t ruc tu re in one-dimension;?] 
raref ied gas dynamics. These techniques have 
co l l ec t ive appl icat ion to the study of combus­
t ion chamber processes. 

5. Numerical Linear Algebra and Approximation 

In numerical l inear algebra, advances 
have been made in the matrix eigenvalue piublem. 
For the QR algorithm, a recursive sh i f t ing 
s t ra tegy has resu l ted in increased eff ic iency; 
and for inverse i t e r a t i o n , the behavior near 
mult iple eigenvalues has been analyzed. 

Work was completed on the study of 
b iva r i a t e function approximation by using 
complex cubic sp l ines . 

6. Mathematical Software and Consulting 
Services 

Improveuients and new addi t ions were made 
to the mathematical software l ib ra ry in the 
areas of the numerical solution of ordinary and 
p a r t i a l d i f f e r e n t i a l equations, l inear a lgebra , 
minimisation and optimization, numerical 



quadrature, and random number generation. 
Mathematical consulting services in these and 
other areas were provided, and the project of 
preparing brief tutorial reports covering major 
areas in computational techniques continued. 
Cooperation was given to the community at large 
in the planning of general-purpose mathematical 
software projects concerned with numerical 
analysis. 

K. Educational Programs and 
Visiting Staff 

The Computer Science and Applied Mathema­
t i c s Departnent provides supervision of graduate 
students in the Masters and Doctoral programs 
in applied mathematics and computer science at 
UC Berkeley. Four Ph.D. candidates (H. Holmes, 

B. Kitous, N. McDonald, K. Ang) completed t h e i r 
theses in computer science and engineering, and 
three in mathematics (R. Alexander, R. Mil ler , 
G. SodJ • Three professors (A. Chorin, H. Baskin, 
M. Stonebraker) share j o i n t UCB/LBL appoint­
ments, providing a r ich source of exchange of 
ideas and experience. 

This year our s t a f f includes several 
postdoctoral appointees and v i s i t o r s who are 
contr ibut ing extensively to computer science 
and applied mathematics research p r o j e c t s . 
They are A. Shieh, I . Karasalo, N. Chen, 
V. Pereyra, N. Albright , C. Risk, R. Finn, 
0. Widlund, M. Cauvin, and G. Ringland. Jn 
addi t ion , masters theses by S. Chan, D. Dowden, 
W. Jones, and B. Zecher have been completed 
under the guidance of the CSAM s ta f f . LBL's 
unique f a c i l i t i e s and exper t i se provide an 
excel lent t r a in ing mil ieu, and t h i s program is 
expected t o grow. 
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IV. REAL-TIME SYSTEMS GROUP 

The Real-Time Systems Group (RTS Group) 
works with project s c i e n t i s t s and engineers to 
plan experiments and control systems that use 
computers. They provide dedicated projec t -
oriented s t a f f to work in tegra l ly with the 
research team during system development; and 
they provide rout ine systems support as well as 
system-development exper t i se organized along 
general functional requirements that are common 
to instrumentation and control systems. 

Pr ior t o the formation of t he o r ig ina l 
RTS Group, there was an increasing var ie ty of 
small systems developing around the Laboratory 
(minicomputers such as PDP-4, - 5 , - 7 , - 9 , -11 , 
-12, -15; Data General Nova; Sigma-2). Formal­
iza t ion of the Group brought i n i t i a l attempts 
a t s tandardizat ion with emphasis on ModComp 
(Modular Computer Systems) and PDP-11 (Digi tal 
Equipment Corporation Computer Systems). 

Recent computer f a c i l i t i e s have now 
become standardized e s s e n t i a l l y in to two major 
networks: one consis t ing of ModComp systems 
and the other of DEC PDP-11 systems. The 
ModComp network i s set up pr imari ly for control 
of the acce le ra to r s : the SuperHILAC, Bevalac,. 
the Controlled Thermonuclear Reaction (CTR) 
project in Building 5, and the Linac in Building 
64. The PDP-11 network provides data acquis i ­
t ion and analysis systems for research p ro jec t s . 
Networking has shown i t s e l f to be a most 
p rac t i ca l approach. There are overa l l savings 
in cos t , t ime, and convenience, as well as 
permitt ing cen t ra l computing with a powerful 
f a c i l i t y . 

For each major network there i s a lso a 
support and developmental system where new 
hardware and software can be developed for 
appl ica t ion to other systems without i n t e r f e r ­
ing with operat ions . The ModComp developmental 
system i s in Building 90. The counterpart for 
the PDP-11 system i s in Building 46. 

A. The ModComp Network 

The Group's major effort at this time is 
the construction of control systems for the 
SuperHILAC and the Bevatron (when combined, the 
Bevalac). The design of generalized network 
control systems is structured on data bases so 
that as physical configurations of monitor and 
control points change, interactive editing of 
the data base will automatically and appropri­
ately reconfigure the control system. Each 
accelerator control system consists of distri­
buted real-time monitor and control processors 
that operate independently and asynchronously, 
but which ire under the overall control of a 
larger central computer. This central coomter 
will not only direct the activities of the 
secondary machines, but will manage all human-
machine interactions through color displays and 
special function control panels. 

The ModComp system to control the Bevalac 
is being installed in several stages. Phase 
Zero, the first stage, became operational in 
April 1975 and consists of one computer system 
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The ModComp n e t w o r k i s s e t up 
p r i m a r i l y f o r t h e c o n t r o l o f a c c e l e r a ­
t o r s : t h e SuperHILAC, B e v a l a c , t h e 
C o n t r o l l e d T h e r m o n u c l e a r R e a c t i o n (CTR) 
p r o j e c t i n B l d g . 5 , and t h e L i n a c i n 
B l d g . 6 4 . 
(XBL-765-2879) 

a t the SupeiHILAC and one at the Bevatron. 
Although only the f i r s t of four phases, Phase 
Zero enables the SuperHILAC to operate in the 
timeshared mode. In t imeshare, two in jec to r s 
send pulses of d i f fe ren t heavy ions in terspersed 
in various combinations through the SuperHILAC 
a t a maximum r a t e of 36 pulses per second. At 
the far end of the acce lera tor the pulses are 
separated: one pulse per second of the 
se lec ted ion is sent through the t r ans f e r 
l i n e to the Bevalac, t he o thers a re shunted 
into experimental areas a t the SuperHILAC. 

The two acce le ra tors were brought up to 
Phr~° One in December 1975, with a two-computer 

network OIC IV and MC II ) operating at each. 
Phase Two wil l come into act ion a t the Super­
HILAC in May 1976. At t h i s time a l l the 
d i s t r ibu ted real- t ime processors will be 
supported, and control will be extended to a l l 
machine parameters. When t h i s system is proven, 
the Bevatron system wi l l be changed to t he 
Phase Two configuration. 

Ultimately these two central computers 
at the acce le ra to r s , and the system support 
computer,will be linked together and to the 
computer center to provide a l l the computer 
support c a p a b i l i t i e s avai lable at the Laboratory 
to the acce lera tor s t a f f s . 

Another component in the ModComp network 
i s the 50-MeV proton l inac in Building 64. 
Original ly designed for in ject ion at the 
Bevatron, i t i s awaiting a complete new data 
acquis i t ion system for adaptation to ESCAR. 

The Controlled Thermonuclear Reaction 
(CTR) Group present ly has a NfadComp II for data 
acquis i t ion in two p ro jec t s : the neut ra l beam 
t e s t stand and the atomic physics experiments. 
The RTS Group designed the system t o CTR 
requirements: they have had to provide a 
system that has the capacity to handle a t 
l e a s t four remote experimental s t a t ions 
asynchronously and simultaneously tha t are up 
t o 600 feet away and that can t rans fe r data at 
a r a t e of a t most 50,000 words per second 
between each experiment and the computer. 

In the future i s a medical acce le ra to r 
designed t o be b u i l t for p a t i e n t use, which 
wi l l have high r e l i a b i l i t y and can accelera te 
p a r t i c l e s up through the " l i g h t " heavy ions 
(carbon, neon). Such a system w i l l be highly 
computer control led . The Group i s present ly 
doing a design and f e a s i b i l i t y study on such a 
p ro jec t , in p a r t i c u l a r , the beam de l i w r y 
system for pa t ien t scanning, so tha t the accel ­
e ra to r wi l l have a uniform dose d i s t r i b u t i o n . 
This capabi l i ty wi l l require the handling of 
large amounts of data at a very fas t r a t e and 



The ModComp room a t t h e SuperHILAC. Here t h e V dComp I I and IV u n i t s 
s u p p o r t a l l d i s t r i b u t e d r e a l - t i m e p r o c e s s o r s and co - „ r o l a l l mach ine p a r a m e t e r s . 
The B e v a l a c h a s a s i m i l a r c o n t r o l a r e a . 
(CBB 765-4161) 

to a degree of accuracy never before attempted 
a t an acce le ra to r , inis medical acce lera tor i s 
of the type tha t could be i n s t a l l e d a t major 
hosp i ta l s throughout the country. 

B. The PDP Network 

The Biomedical Division PDP-11/45 computer 
a t the Bevalac i s the central system of the 
othiii rea l - t ime computer network. I t i s a lso 
used to study the experimental biological 

effect- of heavy-ion rad ia t ion on animals, 
direc* 'd toward the eventual goal of pa t ien t 
t rea t en t . 

This computer system provides for concur-
rer t'ata acquis i t ion from instrumentation 
?- c i f i c to the p a r t i c u l a r i r r a d i a t i o n in 
• ogress and has a large complement of memory, 
-isc, and magnetic tape dr ives . On-line analy­

s i s and graphics rout ines , excluding system 
support, are wri t ten e n t i r e l y in FORTRAN or 
BASIC. The system support and data acqu is i t ion 
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The PDP-11 n e t v o r k h a s s i x r e m o t e 
s t a t i o n s , w i t h B i o m e d ' s PDP-11/45 as 
t h e h o s t c o m p u t e r . T h i s s y s t e m i s 
d e s i g n e d p r i m a r i l y t o p r o v i d e d a t a 
a c q u i s i t i o n and a n a l y s i s s y s t e m s f o r 
r e s e a r c h p r o j e c t s . By b e i n g p a r t o f 
s u c h a n e t w o r k , t h e i n d i v i d u a l p r o j e c t s 
a p p r e c i a t e s a v i n g s in c o s t , t i m e , and 
c o n v e n i e n c e . 
(XBL-765-2880) 

rout ines accentuate the a c c e s s i b i l i t y and 
usefulness of higher level languages for 
researchers . 

In order for the PDP-11/45 to serve as 
the cen t ra l host for t h i s network, the Biomedi­
cal Division has es tabl i shed a working arrange­
ment with the o ther d iv is ions that t h e i r use 
sha l l be " t ransparen t / ' tha t i s , does not 
conf l ic t with the host d i v i s i o n ' s use. 

At present t h i s network also serves the 
CTR TORMAC Group, the Nuclear Science Division, 
and Physics, Computer Science and Mathematics 
Division. Currently s ix remote s t a t i ons are 
connected, each cons is t ing of a PDP-11/10 or 

s imi la r machine with data acquis i t ion and 
display devices . These small , inexpensive, 
and remote computers in the PDP-11 network 
serve a var ie ty of research programs at LBL. 

The RTS Group began the design of PLP's 
control system. This control system is 
extremely complex: the nature of the Positron-
Electron Colliding Beam Storage-Ring Fac i l i t y 
requires a control system to keep the beam in 
tune, and the control system muse be subdivided 
to accommodate the real dis tances thr.t would 
add excessive delay to the system's reaction 
t tme i f i t were control led by onl; one cen t ra l 
un i t . Each of the s ix in te rac t ion regions wi l l 
have i t s complete computer control system, 
which wi l l in turn be connected by a high-speed 
s e r i a l l ink to two cen t i a l cunputers in the 
main control room. These stand-alone un i t s 
wi l l permit local con t ro l , but during normal 
PEP operat ion the main control room operator 
wi l l monitor and adjust beam parameters as 
needed. All work on PEP is in the system design 
s tage , and final est imates of the complete 
control system have jus t been completed. 

This Croup I. i s designed and implemented 
a monitor and control system with in te rac t ive 
graphics analysis capabi l i ty for human t read­
mil ls at the Letterman Army I n s t i t u t e of 
Research in San Francisco. J.ike the acce lera tor 
control systems, the Treadmill Automation Sy.stem 
(TAS) is e n t i r e l y data-base driven. 

Members of the RTS Group a lso serve as 
consul tants to the Bay Area Rapid Transi t 
D i s t r i c t (BART). The D i s t r i c t uses a Sigma-II-
based computer system (Central Train Control 
Computer System) t o provide system-wide t r a i n 
supervision Fai lures of t h i s system have been 
a major in te r rup t ion to the operations of t r a i n s . 
The Group has invest igated the problems of t h i s 
system and has provided the Di s t r i c t with 
recommendations to improve safe ty , r e l i a b i l i t y , 
and performance. 



Members of t h e RTS 
Group , t h e BART E n g i n e e r i n g 
Computer Sys tems s t a f f , and 
t h e C a l i f o r n i a PUC have 
been p u t t i n g t h e i r h e a d s 
t o g e t h e r t o f i n d ways t o 
improve r e a l - t i m e compu te r 
s y s t e m s at. BART. 
(XBB-763-2738) 

The BART Di s t r i c t uses 13 different 
computer systems for a va r i e ty of app l i ca t ions . 
The cost of supporting these computer systems 
(operat ions , maintenance, and development) i s 
subs t an t i a l . This i s a problem at BART, in 
par t because of the adverse impact on D i s t r i c t 

operations v^hen adequate resources a ic not 
avai lable to support these computer systems. 
The RTS Group has surveyed a l l these computer 
systems and i s cur ren t ly formulating recommend­
a t ions for medium- and long-range computer 
system planning at BART. 
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V. COMPUTER CENTER 

The Computer Center provides an advanced 
level of computing s e r v i . . • for the Lawrence 
Berkeley Laboratory's rc.--.sarch groups as well 
as for a large number of users external to the 
Laboratory. The Center i s functionally divided 
into four a reas : systems programming, users 
se rv ices , hardware development, and operat ions . 

The hardware cur ren t ly includes a CDC 
7600/6600/6400 computer complex, several 
smaller IBM computers, and a wide var ie ty of 
per ipheral equipment. 

At t h e i n p u t / o u t p u t c o u n t e r Ray 
G a t t i s u b m i t s d a t a on a m a g n e t i c t a p e 
t o Pa t Bean f o r c o m p u t a t i o n work . In 
t h e b a c k g r o u n d i n p u t d a t a on c a r d s a r e 
b e i n g s u b m i t t e d f o r c o m p u t a t i o n a l s o . 
(CBB-760-10411) 

A. Systems Programming 

The Systems Programming Group develops 
and maintains software for the CDC 6400, 6600, 

and 760D computers and for a number of per ipheia l 
systems that contain minicomputers used as hard­
ware con t ro l l e r s . Contrary to the p rac t i ce at 
many CDC i n s t a l l a t i o n s , almost a l l the system 
software in use at the Computer Center was 
e i t h e r developed by the Systems Group or modi­
fied by the Group from CDC software del ivered 
with the computers. This independence from 
manufacturer-produced software has enabled the 
construct ion of an in tegra ted , f l e x i b l e , 
e f f i c i en t system t a i l o r ed to the needs of the 
Center 's users , as well as to the support of 
some special ized computer hardware ( . interact ive, 
remote batch, mass s torage, and microfilm 
svstems). 

1. Programming Languages 

FORTRAN i s the programming language of 
choice for most LBL Computer Center use r s . 
However, there i s a continuing usage of the 
other supported languages: BLIMP, COMPASS, 
PASCAL, P L / 1 , and SNOBOL. 

Substant ia l progress has been made in 
i n s t a l l i n g CDC's FTN Version 4 FORTRAN compiler. 
FTN4 is to be the primary compiler at the 
Computer Center, complemented Dy the University 
of Minnesota's MNF , a fas t compiler with 
excel lent diagnost ic fea tures . An in tensive 
developmental e f for t has been d i rec ted t o 
improving the compiler and l i b r a r y , so t ha t 
they may include features commonly in use here 
with o the r compilers. 

BLIMP is a s t ructured FORTRAN-like langu­
age for system implementation and has subword 



access; it was designed at LBL and completed in 
initial form. By combining modern concepts of 
structured programming with the ability to 
manipulate partial-word fields conveniently and 
efficiently, BLIMP is expected to offer great 
benefits in writing programs that are easy to 
understand and maintain. Several system codes 
have been successfully implemented in this 
language, and a number of anticipated systems 
projects will be coded in BLIMP. 

2. Operator Systems 

A new control-statement processor was 
written for the 6600 and 7600 computers to 
allow more flexible user control of job proces­
sing and to increase compatibility between the 
two systems. The 7600 permanent file system 
was totally rewritten to improve reliability 
and efficiency. 

3. Peripheral Support Subsystems 

A new print driver was installed to 
provide upper and lower case output. Modifica­
tions to the coiTputer-output-to-microfilm 
system permit the user the convenience of 
mixing graphic and print output in the same 
frame. 

4. Interactive Support 

NETEJ', a file editing program conforming 
to the specifications of the ARPANET editor, 
was designed and implemented. LBL's support of 
its ARPANET connection became fully operational. 
Now users here may run at other ARPANET sites, 
and users at other si tes may run here. 

5. Remote Job Entry (RJE) 

Over half of the batch processing work­
load of the LBL Computer Center enters and 

The input /output s t a t i o n fox the 
CDC 7600. In the cen te r , on the CDC 
6400, Boyd Holt assigns per iphera l 
equipment for job execut ion, while John 
Powell watches. A magnetic tape ca r ry­
ing in s t ruc t ions to the computer i s hung 
on the tape dr ive by Don Dumpit a f t e r 
having been se lec ted from the racks of 
high-use tapes in the r ea r . At l e f t 
Jesse Lopez v e r i f i e s operat ional rout ines 
in the machine o p e r a t o r ' s guide. All are 
computer ope ra to r s . 
(CBB-760-10413) 

leaves the system through the RJE system, which 
connects the center via dedicated and dial tele­
phone lines to over 125 si tes. The capacity of 
LBL's RJE system was increased by placing in 
service the COKE communications controller, 
which was built around a Computer Automation 
ALPHA/LSI minicomputer and is capable of 
handling up ic 29 RJE lines. An additional 
COKE system was installed later in the year, 
allowing a leased Harris COPE controller to 
be discontinued. 

6. Utility Programs 

DUMP, an annotated memory-dump generator, 
was designed and installed. This program makes 
use of the load map produced by the link loader 
in providing the user with detailed diagnostic 
and traceback messages to help him locate the 
source of program errors, unless otherwise 



ins t ruc ted , DUMP l imi ts the displayed memory 
to only relevant por t ions , great ly reducing 
the volume of p i in ted output. 

B. Users Service 

Staff consultants provide ass is tance to 
users so that they may e f fec t ive ly use the 
Computer Center hardware and software. This 
s t a f f a lso supplies documentation support for 
the system. 

The effor t to provide a complete user 
descr ipt ion of our f a c i l i t y i s bearing f r u i t . 
This year we made avai lab le many new chapters 
to the Users Handbook including s tag ing , a id s , 
and s torage , and updated the previous informa­
t ion . Exist ing major manuals for the compiler 
FTN4 and MNF were modified to correspond to 
t h e i r use on our f a c i l i t y . A new users guide 
to the CDC product UPDATE was wr i t ten to 
provide the unsophist icated users with an 
understandable manual. 

Much was accomplished in the program 
l i b r a ry area : Edition five of the 1MSL l i b r a ry 
was made ava i l ab le , as well as a new version of 
the CERN l ib ra ry and the Livermore STACK LIB. 

C o n s u l t a n t s J e r r y Borges and 
Mar jo ry Simmons t r o u b l e s h o o t a p rogram 
f o r a u s e r . T h i s c o n s u l t i n g s e r v i c e i s 
a v a i l a b l e t o a l l c o m p u t e r c e n t e r u s e r s . 
(CBB 760-10423) 

Sew u t i l i t i e s were wri t ten for dealing with 
nine-track tapes as well as with other tape 
conversion problems. 

The consulting and t ra in ing e f fo r t s 
continued to provide a l l of our users with 
ass i s tance in solving the problems they 
encountered while using our computing center . 

Efforts to develop an e f f i c i en t working 
environment for a visually-handicapped consult­
ant are progressing. A systems programmer has 
wri t ten a Bra i l l e conversion program in machine 
language - an i n t r i c a t e l y coded program tha t 
enables the computer to produce a pr in tout in 
l ines of periods to form symbols in the Bra i l l e 
alphabet. For creat ing the embossed image, a 
bracket with a piece of e l a s t i c s t re tched 
across i t i s attached to the l i ne p r i n t e r to 
receive the Bra i l l e output . With the pressure 
of the s trokes se t very high, the e l a s t i c 
provides a soft surface so that the images are 
embossed on the paper. 

Work has been done to develop an i n t e r ­
face for the computer and an OPTACON (opt ica l -
t o - t a c t i l e conver ter) . 

C. Hardware Development 

1. Overview 

The Hardware Development Group develops 
special hardware systems and subsystems in 
support of the Computer Center. This develop­
ment ranges from the simple interfacing of 
dissimilar hardware interface standards (such 
as the CDC/IBM Channel Adaptor) to full systems 
with msny subsystem components (such as the 
COKE RJE system). These various developments 
are carried out in close conjunction with the 
Systems Programming Group from design concep­
tion through product completion. 



2. COKE Remote Job Entry System 

Since the i n s t a l l a t i o n of the CDC 7600, 
the RJE service has been handled by the Univer­
s i t y Computing COPE Control ler . Although t h i s 
device was i n i t i a l l y s a t i s f ac to ry , demand for 
the 7600 soon outs t r ipped the c a p a b i l i t i e s of 
the IXC COPE Control ler . During calendar year 
1973 and 1974 a search was done for sa t i s fac to ry 
replacement of t h i s system. A second con t ro l l e r 
was temporarily leased, Request for Proposals 
were ca l led for from commei*cial vendors, and an 
evaluation ensued. The industry response was 
so inadequate as compared with the LBL require­
ment, that i t was decided to develop an RTF, 
front-end con t ro l l e r system i n t e r n a l l y . 

A multiple minicomputer system was 
des i rable for i t s cha r ac t e r i s t i c s of i so l a t i ng 
protocols between minicomputers, minimizing 
s ingle-processor crash impact on the system, 
and minimizing the amount of systems-programming 
development needed. So, a minicomputer sub­
system was procurred. A subnetwork cons is t ing 
of mult iple hosts and mult iple minicomputers 
was designed and developed to allow easy 
expansion of e i t h e r hosts or minicomputers (as 
l i ne and protocol expansion was needed). Also, 
a mul t ip le - l ine synchronous-line con t ro l l e r was 
developed to allow each minicomputer to i n t e r ­
face up to 29 l ines at sustained speeds of 
9600 b i t s / s e c . 

A software system was developed by the 
Systems Programming Group t o handle the CDC 
200 UT RJE protocol in the minicomputer and to 
in ter face multiple minicomputers t o the CDC 
6000 computers. 

The system development was completed in 
ear ly 1975, and the l ea s t PE Control ler 
was given up. All 200 UI users were moved from 
LBL's COPE Control ler t o the COKE system. In 
l a t e 1975 the uQKE system was upgraded with a 
second minicomputer, and we expect a t h i r d wi l l 
be added in l a t e 1976 or ea r ly 1977. 

3. CDC/IBM Channel Adaptor 

By l a t e 1973 i t had become obvious that 
CDC peripheral I/O equipment was substandard 
to and more cos t ly than that avai lable to the 
IBM computer user . It was determined that an 
ideal s i t ua t ion would be to have an adaptor 
that allowed convenient interfacing of IBM 
input-output con t ro l l e r s to CDC fiOOO and 7600 
channels. To that end, design discussions were 
held with Brookhaven National Laboratory about 
the possible c a p a b i l i t i e s and des i rab le Features 
of such an adaptor, i t was decided to survey 
the commercial marketplace with a Request for 
Information about t h i s device. The re su l t s 
were discouraging; e s s e n t i a l l y only one vendor 
responded pos i t ive ly anil subsequent evaluat ion 
of that proiluct showed i t as undesirable as a 
subcomponent for the projected LBL appl ica t ion . 
Thus an ef for t was i n i t i a t e d in ear ly 1975 to 
develop an adaptor capable of in terfacing IBM 
Block Multiplexor and Selector control uni ts 
to CDC 6000 and 7600 I/O channels. 

Currently an SIC 6250 tape system is 
being leased for evaluation to aid in debugging 
the CDC/IBM Channel Adaptor. 

Future plans for the LBL Computer Center 
rely heavily on the capab i l i ty of the CDC/IBM 
Channel Adaptor to allow upgrading of disk, 
t ape , and mass storage systems to keep pace 
with the fast-moving computer industry, and to 
lower overal l operating costs of the Computer 
Center by taking advantage of the higher cost 
effect iveness of the IBM-compatible per iphera l s . 

A. RECC interactive Terminal System 

The Computer Center has r e l i e d heavily 
on the in t e rac t ive front-end system cal led RTiCC 
(remote equipment control computer), which was 
developed by the Hardware Development Group in 
1970. The RECC system has expanded s t ead i ly 
in the ensuing years , and i t now controls 224 



At t h e r e m o t e e l e c t r o n i c compu te r 
c o n t r o l l e r (RECC), c o m p u t e r o p e r a t o r s 
J a n Ne lson and Don Dumpit run d i a g n o s t i c 
c h e c k s on t h e e q u i p m e n t p e r f o r m a n c e . 
"Hie RECC a c t s a s a t r a f f i c c o n t r o l l e r 
f o r a l l t h e r e m o t e t e r m i n a l s on t h e h i l l 
and t h o s e on t h e sy s t em w i t h i n a r a d i u s 
o f 150 m i l e s t h a t c o n n e c t t h r o u g h RECC 
t o t h e main c o m p u t e r s . 
(CBB 760-10415) 

l ive por ts a t speeds from 110 to 9600 b i t s / s e c . 
Forty of these 224 por ts current ly are access­
ible by telephone with speeds of 110, 150, 500, 
1200/150 and 1200/1200 b i t s / s e c being supported 
in th i s mcde. 

The RECC system is used for terminnl 
access to the timesharing system SESAME, to 
special i n t e rac t ive t a s k s , to the job - s t a tus 
system for batch users , and t o interface 
Computer Center per iphera ls more eas i ly and 
cheaply than by unique channel in ter fac ing . 
Examples of t h i s are label and routing p r i n t e r s 
for the COM system, tape cache la' l o s , punch 
and p l o t t e r system routing l a b e l s , and the 
paper tape punch development now underway, 

New developments are being planned to 
upgrade the RECC system capabi l i ty by develop­
ing a mr.ltiple microprocessor communication 
front-end system called MICROBUS, which wil l 
allow high speed f25i) K b i t s / s e c ] terrain:!Is to 
interface to the Computer Center. This WJ!! 
allow many new forms of per ipherals and net­
working to be supported by the (Computer Center. 

5. Terminal System tor the Blind 

In 1974 the Lb I. Computer Center hired a 
blind person to be a computer consultant in the 
Users Services Croup. No aids were avai lable 
to allow him to use the computer, so a small 
effort was undertaken To use the old PEC I'D!1 

8/e computer and his personal OPTACON device 
for computer-generated t a c t i l e - s e n s i t i v e output . 

The OPTACON is a portable device itin-
s ize of a medium calcula tor) that has a t a c t i l e 
sensory pad of 6 by 24 vibrators for the blind 
person 's finger, an optical scanner that is 
hand movable across a pr inted page, and the 
necessary e lec t ron ics to convert the scanned 
dark line images to an equivalent v ibrat ing 
image on the sensory pad. The Hewlett Packard 
Instrumentation group had developed a way of 
using the OPTACON for blind j>ersons working on 
t h e i r component manufacturing l i n e . Kith th i s 
conceptual idea (from HP"), a special device was 
developed to allow the PDP-8 to control the 
OPTACON d i rec t ly so that in te rac t ive output 
from the Computer Center could be output through 
the PDP-S and gene "rated d i r ec t ly onto the 
OPTACON sensory pad. 

A spec ia l ly modified Bra i l l e l ine p r i n t e r 
was then purchased and integrated into the 
"bl ind" terminal so that documents and more 
lengthy output could lie handled by the bl ind 
operator in his t r ad i t iona l way (he ha-- re l ied 
on Bra i l l e most of h is life"), while Th d i rec t 
i n t e rac t ive use of the computer would - ' t i l l be 
through the OPTACON output capab i l i ty . 

http://mr.lt


Blind operator at sensory 
output terminal. 
(XBB 757-5021) 

Blind operator reading 
braille output. 
(XBB 757-5022) 

A keyboard i s a lso supplied with the 
OPTACON output device for the operator to use 
for hand input to the conputer. One i n t e r e s t i ng 
feature of the OPTACOM output device is that i t 
has a 16 by 24 display grid of l igh t -emi t t ing 
diodes to allow sighted obser /ers to see the 
character that the bluid , /erator i s feel ing. 

The Blind Terminal i s now fully opera­
t iona l and is an indispensible aid to an 
unsighted person who uses a modem computer 
system. Some improvements, such as voice out­
put may be made in the future. 

6. Short-Haul Modems 

Due t o the large amount of in ter fac ing 
of hatch and in te rac t ive terminals tha t has 
occurred at LBL, extensive l ine-dr iv ing capa-
b i l i t i e s a re needed for COKE and RECC t o 
function. These l ine dr ivers are ca l led modems 
(modulate/demodulate). To t h i s end many d i f f e r ­

ent techniques have been developed, which are 
not ava i lab le commercially, to allow high 
communication speeds at long d i rec t -wire 
d is tances . The dual-dr ive , high-current dr iver 
for te le types has allowed many minicomputers to 
in ter face with each o ther , and with t h e i r 
terminals around the s i t e , even though these 
are not always connected d i r ec t l y to the 
Computer Center. A synchronous short-haul 
modem has been developed, and is in extensive 
use by the Computer Center and others around 
the LBL s i t e . 

Developing these short-haul modems has 
provided experience that has been valuable to 
LBL s c i e n t i s t s and engineers. I t i s expected 
tha t t h i s exper t ise gained wil l grea t ly aid LBL 
phys ic i s t s a t the PEP f a c i l i t y to connect both 
in rea l time and in te rac t ive ly to the LBL 
Computer Center so as to maximize the human 
resource regardless of where the experiment is 
done. 
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7. Full Print Page Cathode Ray Tube 

I t has long been recognized that p r in t ing 
a l l output on 11 by 14 p r in t e r paper can be 
wasteful, and much effort has been made by the 
national labora tor ies to find useful a l t e rna­
t i v e s for minimizing th i s waste. Microfilm 
systems (cal led CONt) are most commonly used. 
In fact LBL was the f i r s t to produce microfiche 
output by in ter fac ing a Stromberg Datagraphix 
4460 d i r ec t ly to the CDC 6000 system at the 
Computer Center in 1973. This system current ly 
p r i n t s three mil l ion pages per month on 48x 
microfiche. 

Jhe D a t a g r a n h i c s 4460 COM ( c o m p u t e r 
o u t p u t m i c r o f i c h e ) h a s t h r e e cameras f o r 
p r o d u c i n g f i l m in 1 6 - , 3 5 - , o r 105-mm 
s i z e s . They a r e l a s e r - a l i g n e d p e r m i t t i n g 
a c c u r a t e i n t e r c h a n g e . George Xapus i s 
c l e a n i n g t h e l e n s e s . The u s e r t h u s has 
t h e o p t i o n of o b t a i n i n g h i s d a t a in 
p a p e r form, m i c r o f i c h e , o r any of t h r e e 
s i z e s o f " m o v i e " f i l m . 
(CBB 7 6 0 - 1 0 4 1 7 ) 

S t i l l , t h i s has not been enough. SLAC 
has pioneered the in te rac t ive use of computers 
by high-erergy phys ic i s t s and much output is 
searched in te rac t ive ly on Se lec t r i c typewriter 
terminals a t a ra te of 15 characters per second 

(cps) . One hundred twenty cps graphic terminals 
are a lso used. The SLAC concept i s very useful, 
although the terminals are far too slow. Also, 
paper output (such as on a Se lec t r ic ) i s not 
needed if the speed of a CRT-type terminal i s 
high enough (96(10 bps or higher) and one can 
occasionally get a hard copy when i t i s needed. 

The problem is that the commercial i n t e r ­
ac t ive keyboard/CRT terminal was developed for 
timesharing users who are not necessar i ly t i e d 
to 132-rolumn (136 for CDC) by 66-l ine formats 
as the s c i e n t i f i c batch community has been. 
Thus these alphanumeric CRTs have been l imited 
to 80 characters by 24 (or 40j l i n e s . Certainly 
the more expensive Tektronix, s torage- type , CRT 
terminal can su f f i ce , but i t s capab i l i ty exceeds 
that needed by most of the user community and 
the c h a r a c t e r i s t i c s of the storage tube erase 
are maddening. So the Hardware Development 
Group has developed a new s t y l e , i n t e rac t ive 
keyboard/CRT terminal . 

The PAGE CRT incorporates an inexpensive 
($196) r a s t e r scan TV that has been in tegra ted 
with a Motorola 6800 microprocessor and a 
keyboard. The CRT is 15 inches and has two 
modes: the page mode with a 136-characters 
per l ine by 66-l ine format, and the view rode 
with an 80-character by 40- l ine format. The 
modes are changeable by a s ingle s troke of a 
special key on the keyboard. 

The M680 microprocessor wi l l allow great 
f l e x i b i l i t y in the use of t h i s termir \1 as i t 
i s expected that special application.) can be 
coded d i r ec t l y into the PAGE CRT. Also, i t 
wil l allow a very high-speed interface to the 
new MiCROBUS RECC upgrade system so that the 
8976 characters viewable in page mode may be 
output from the computer in a fract ion of a 
second (250 thousand bps) . 

The prototype PAGE CRT is expected to 
become operat ional in July of 1976. Current 
thoughts about developing t h i s kind of terminal 
include having pr iva te floppy disk dr ives on 
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the PAGE CRT t o allow a user to have t o t a l l y 
o f f l ine WYLBUR- or SESAME-type in te rac t ion to 
the main computer, then to use the high-speed 
l i n e to the Couputer Center for f i l e t r ans fe r -
:i»ig when needed. A small graphics capab i l i ty 
with a user spec i f iab le charac ter set wil l also 
be experimented with (256 by 256 point graphics). 

D. Computer Operations 

These operations include the a c t i v i t i e s 
of t he computer operat ions and keypunch s t a f f s , 
whose function i t i s t o provide day-to-day 
functional e f fo r t and to insure e f f i c i en t and 
expeditious production. 

The t r a in ing program being conducted by 
the Conputer Operations Group aims a t profes­
sional upgrading of t he individual and the 
group. The main goal of the t r a in ing program 
i s to achieve technical competence in the 131 
Computer operat ing system. Development i s 
mapped in four phases of ins t ruc t ion : in t ro ­

duction t o opera t ions , basic operator l eve l , 
intermediate operator l eve l , and advanced 
operator l eve l . Individual or group ins t ruc­
t ion i s a l so offered in safety , communications, 
programming, basic s k i l l s , presupervisory s k i l l ? , 
supervisory s k i l l s , and e l e c t i v e s . Training 
records are kept up-to-date } and annual in te r ­
views of a l l operations personnel determine the 
level of t ra in ing achieved and the kinds of 
addi t ional courses that a re des i rab le . 

The aims of Operations are rea l i sed 
through the combined e f fo r t s of the Computer 
Operations Training Officer , tecluiical expe r t s , 
Operations s ta f f .and with the aid of I'ideo 
presen ta t ions . Specific course content i s 
provided by technical exper t s , while the 
Operations s t a f f provides ass is tance in the 
form of writeups or t r ansc r ip t ions of video­
taped c l a s s e s . To maximise exposure of 
resources, video presenta t ions are ava i lab le 
twenty-four hours a day t o Operations, and are 
a l s o ava i lab le for review. On-the-job t r a in ing 
and formal and informal sharing of ideas a l so 
serve to meet t r a in ing needs. 
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APPENDIX: GLOSSARY OF CSAM TERMS 

ADMC - Architecture of Data Management 
Computerb 

ANSI - American National Standards I n s t i t u t e 
ARPANET - Advanced Research Projects Agency 

Computer Network ( in te rna t iona l ) 

BATES - Ion source progi'am 
BDMS - Berkeley Data Management System 
BLIMP - A programming language 

CARTE - LBL thematic mapping system 
CDC — Control Data Corporation 
CDC 200UT RJET - The 200 UT i s a pa r t i cu l a r 

type of t e r a ina l produced by CDC 
CETA - Comprehensive Employing Training Act 
CHART - An in te rac t ive analysis and display 

program for tabular data 
COBWEB - A computer control led , bubble 

chamber measuring system 
COKE - A remote communication control 
COM - Computer Output Microfilm 
COMPASS - A programming language 
COPE - A remote communication control 
CSAM - Computer Science and Mathematics 
CTR - Controlled Thermonuclear Reaction 
CUPID - A high-level graphics query language 

for INGRES 
CUR — A program used in the design of 

resonant c a v i t i e s 

D a t a b a s e - A co l lec t ion of any cor^mter-
accessible information 

DEC — Digital Equipment Corporation 
DUMP - Annotated memory-dump generator 

EGUN - Electron t r a j ec to ry program 
EIS - Employment Information System 
ELF 71 s y s t e m - PDP-11-based ARPANET 

f . jn t -end machine 
ERGON - A data servic ing and display system 
3SARS — Employment Securi ty Automated 

Reporting System 
ESCAR - Experimental Superconducting 

Accelerator Ring 

FASTPATH — Computes chemical react ions as a 
function of react ion progress 

FT.N4 — A FORTRAN compiler; the primary one i t 
the Computer Center 

FTP - F i le Transfer Protocol 

CRAFPAC - A device-independent graphics 
system 

GUMPS - A l i n e a r programming system with 
parametric capabi l i ty 

HEMP - Hydro E l a s t i c Magnetic P l a s t i c program 

IGS/NCAR - A high-level graphics system 
1MSL - An in terna t ional co l lec t ion of 

programs to dc numerical analysis 
INGRES - A r e l a t i ona l data-base management 

system 
1NTERAC - Hierarchical F i le Management System 
I1VGDE - Inter laboratory Working Group for 

Data Exchange 

JASON - E lec t ro s t a t i c f ie ld ca lcu la t ion 
program 

LBLIRI — LBL In te rac t ive Resource Index 
L i v e r m o r e STACK LIB - Eff icient set of 

subroutines for vector operations on 
the 7600 

MAPEDIT - System for automatic :nap 
d i g i t i z a t i o n 

MATBOARD - An in t e rac t ive analys is program 
designed for managers 

META — A compiler name used in syntax-analysis 
approach t o data r e l i a b i l i t y 

MINPACK — Collection of exportable minimi­
zation subroutines 

MIT-LNS - Massachusetts I n s t i t u t e of 
Technology-Laboratory for Nuclear Science 

MNF — A fast compiler developed by the 
University of Minnesota 

MSS - Mass Storage System 

NCP - Network Control Program 
NETED — A f i l e ed i t i ng program confonning to 

the speci f ica t ions of ARPANET 



SB 

NTIS - National Technical Information Service 

OPTACON — Translates v isual images in to 
t a c t i l e images 

PAGE CRT - LBL-developed in t e rac t ive terminal ; 
allows on- l ine display of full page 
p r i n t e r output 

PASCAL — A programming language 
PICASSO - A general , i n t e r a c t i v e , graphics , 

no-delay program 
PL/1 — A programming language 
PLANET2 - Teleconferencing system by the 

I n s t i t u t e for *he Future 
PMG — In te rac t ive program t o a s s i s t in 

pro jec t planning and management 
POLYVRT - A conversion program between 

di f ferent car tographic data s t r u c t u r e s 
PRIME — Hardware for t he Computer Systems 

Research Project 
PSS — Program Storage System 

Qwick Qwery— A generalized r e t r i e v a l and 
report generation system 

RAS - Regional Automation System 
REAP - In te rac t ive r e t r i e v a l system for 
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P. î 'i.-uo, F.. Fiw, The Shape of 
a Pendent Water Drop, LBL-4649, January 
1976. Submitted for publication. 

P. "oncuii, J. H. Golub, A General­
ized Conjugate Method for Nonsymmetric 
Systems of Linear Fqjations, in Proceed­
ings of the jecond International 
Symposium on Computing Method? in 
Applied Sciences and Engineering, 
Versailles, Frances, December 15-19, 
1975. LBL-4636, December 1975. 

P. ?en cue, '.1. ::. Go tub, D. 0 'Leary, 
A Generalized "onjugate Gradient Method 
for the Numerical Solution of Elliptic 
Partial Differential Equations, 
presented at tJ;e Symposium on Sparse 
Matrix Computat ions, ANL, Argonne, TL, 
September 9-11, 1975. LBL-4604, 
Septemhnr 1975. 

D. J. Cvennel, D. E. Hall, Kinema­
tic Fitting - An Improved Method for 
Convergence, Comput. Phvs. Commun. 
£, 79 (1375). 

G. J. Feldman, B. Jean-Marie, 
B. Sadoulet, F. Vannueci, G, S. Abrama, 
A. A?. Boyareki, M. Breidenbach F. 
Bulos, W. Chinowaky, C. E. Fviedberg, 
G. Goldkaber, G, Hanson, D. L. Hartillt 



104 

A. 2. Johnson, J. A. Kadykj R. R. 
l.:r$cn, A. !•', litke, D. Luke, B. A. 
'u'u, I'. L'uih, U. L. Lynch, C. C. 
'•'.orehcusc, J. M. Faterson, M. £. Perl, 
F. .'•!. Pierre, 7. P. Pun, P. Rapidis, 
5. Riehiei't R. F. Schuittars, 
W. 7ane>'.hzur,, G. H, Trilling, J. S. 
* hi take i*, F. C. Winkelmann, -J. E. Wiss, 
#{3684) Radiative Decays to High-Mass 
States, Phys. Rev. Lett. 35_, 821 (1975). 

F. C. Gey, Professional Levels of 
Computer Program Documentation, in 
Proceedings of Northwest 76 ACM/CIPs 
pacific Regional Symposium, Seattle, 
W,\. , June 24-25, 1976. CBL-4876, 
May 1976. 

F. C, Gey, 0. M. Austin, C. Quong, 
W, Pas tie. Employment Information 
System Research Project: Report of 
First Year Activities, LBL-4664, 
February 1976. 

F. C- Gey, M. Mantel, Keyword 
Access to a Mass Storage Device at the 
Record Level, in Proceedings of the 
International Conference on Very Large 
Data Bases, Framingham, Mass., September 
22-24, 1975. LBL-4256, September 1975. 

G. Goldhaber, A. D. Johnson, J. A. 
Kadyk, W. 1-anenbaurn3 G. U. Trilling, 
G. S. A.brarns, A. M. Boyarski, M. 
Sreidenbaah, F. Bulos, V. Chinowsky, 
G. J. Feldman, 0. B. Friedberg. G. 
Hanson, D. L. Hartill, B. Jean-Marie, 
R. R. Larsen, A . M. Litke, D. Luke, 
B. A. Lulu, V. L'uth, U, L. Lynch, 
2. C. Morehouse, J. M. Faierson, l-U L, 
Perl, F. M. Pierre, T. P. Pun, 
P. Rapidis, B. Richter, B. Sadoulet, 
R. F. Sahtfi iters, F. Vannucci, J. &'. 
W ii taker, F. C. WinkeImann, J. E. Wiss , 
Decay into Strange Baryon-Antibaryon 
Pairs and an I-Spin Determination of 
the iH5095), presented at the IVth 
Interna, lonal Nucleon-Antinucleon 
Symposium, Syracuse, N .Y. , May 2-4, 
1975. LBL-4224, August 1975. 

D. E. Hall, 0, M. Austin, A Summary 
of Findings of the ERDA Network Invest­
igators Panel, LBL-5322, June 1976. 

P. Re a ley, B. Eeckman, Hardware 
and System Architecture for a Very Large 
Data Base, in Proceedings of the Inte-. • 
national Conference"on Very large Data 
Bases, Framiugham, Mass., September 
20-22, 1975. LBL-4233, August 1975. 

B. Heckrnan, S. Kranz, Regional 
Management Information System Research 

Project: Report on First Year Act ivit ies, 
LBL-4671, March 1975. 

B. Bookman, RUNLMIS Users Guide, 
On line Documentation at LBL, UCID-3799, 
December 1975. 

B. Heokman, R. liealey, TNTERAC: 
Interactive Access to Files, UCID-3819, 
December 1975. 

G. D. Held, !•!. R, Stonebvaker, 
E. Wong, INGRES -A Relational Data Base 
System, in Proceedings of the National 
Computer Conference, Anaheim, CA, May 
19-22, 1975, p.409. 

H. R. Holmes, Graphics Modeling 
Techniques in Computer-Aided Design, 
Ph.D. Thesis, University of California, 
Berkeley, LBL-4240, November 1975. 

R. H. Rolr-cs, A Simple Implemen­
tation Strategy for the ARPA Network 
Graphics Protocol, in Proceedings of 
the Berkeley Workshop on DistrioutcTj 
Data Management and Computer Networks, 
LBL-53I5, May 19707 p.31. ' 

H. H. Holmes, l>. M. Austin, The 
Cartographic Data Base in SEEDIS, 
presented at the I-RDA-Wide Conference 
on Computer Support of Environmental 
Science and Analysis, Albuquerque, N.M., 
July 9-11, 1975. LBL-384S, May 1975. 

H. *7. Holmes, D. M. Austin, »'. ii. 
Benson, The MAPEDIT System for Automatic 
Map Digitization, Computers and Graphics 
I, 251 (1975). 

A. D. Johnson, Continuous-Band 
Nitinol Heat Engines: Some Thermodynamic 
and Mechanical Considerations, presented 
at the 10th Intersocicty Energy and 
Com'ersion Engineering Conference, 
Newark, N.J., August 17-22, 1S75, 
LBL-3039, July 1975. 

D. Kane, A Concept of Self-Service 
Information Retrieval, DCTD-3787, July 
1975. 

D. Kane, Observational Research in 
User-Computer Interaction, LBL-4297, 
October 1975. 

I. Karasola, An Improved Shift 
Strategy for the QR-Algorithm for Real 
Hessenberg Matrices, LBL-4648, 
January 1976. 

B . Kitous, Interactive Matrix 



105 

Displays and Management Information 
Reporting: A Feasibility Assessment, 
Ph.D. Thesis, University of California, 
Berkeley, LBL-5310, June 1976. 

M. Leavitt, C. he clever, Overview 
of IRATE — Interactive Retrieval and 
Text Editor, LBL-4607, September 1975. 

M. Lentini, V. Pereyra, An Adoptive 
Finite Difference Solver for Nonlinear 
Two-Point Boundary Problems with Mild 
Boundary Layers, LBL-4226, November 1975. 

L, P. Meissner, On Extending 
FORTRAN Control Structures to Facili­
tate Structured Programming, ACM, 
SIGPLAN Notices 1£ [9), 19 (1975). 

L. P. Meisener, FOR-WORD FORTRAN 
Development Newsletter, Vol. 1, LBL 
Pub. 91 (1976). 

L. P, Meissner, Proposed Control 
Structures for Extended FORTRAN, ACM, 
SIGPLAN Notices 2_ (1), 16 (1976). 

D. Merrill* Estimates of 1972 U.S. 
Employment for Use in Input/Output 
Applications, to be published in the 
Energy and Environment 1975 Annual 
Report, LBL-5299. 

D. Merrill, County Business 
Patterns: National Summaries in the 
LBL Socio-Economic and Environmental 
Data Base, LBL-4400, September 1975. 

D. Merrill, A List of References 
for LBL SEEDIS, On-Line Documentation 
at LBL, UCID-3816, February 1976. 

D. Merrill, D. Austin, ERDA 
Inter-Laboratory Working Group for 
Data Exchange (IWGDE), Annual Report 
for FY 1976, LBL-5329, July 1976. 

D. Merrill, B. R. Burkhart, LBL 
Interactive Resource Index (LBLIRI), 
UCID-3833, Rev. Jure 4, 1976. 

0. Merrill, B. R. Burkhart, User • s 
Guide for LBL Interactive Resource 
Index (LBLIRI), LBL-5330, June 22, 1976. 

W. Michael, G. Gidal, Search for 
Ericson Fluctuations in TT p Scattering 
at 3.7 and 7.1 GeV/c, presented at the 
Symposium on New Directions in Hadron 
Spectroscopy, Argonne, II., July 7-10, 
1975. LBL-3810, July 1975, 

R. Miller, A Numerical and Analy­

tical Study of Anomalous Propagation 
of Electrical Impulses in Damaged Heart 
Fibers, Ph.D. Thesis, University of 
California, Berkeley, LBL-4657, January 
1976. 

J. Miller, Access to the Army 
Corps of Engineers Endangered Species 
Data Base, UCID-3841, November 1975. 

J. Miller, The Ardie Computer 
Typesetting System, UCID-384Q, October 
1976. 

J. Miller, SIRAP Data Display and 
Mapping Facilities, UCID-3&42, May 
1976. 

A. C. Paul, Evaluation of High 
Power Neutral Beam Energy Deposition, 
UCID-3827, May 1976. 

V. Pereyra, W, Proskurouski, C. 
Widlund, A Family of Elliptic Difference 
Schemes (suggested by H. 0. Kreiss) , 
LBL-4244, in preparation. 

D. J. Reifer, L. P. Meiasner, 
Structured FORTRAN Preprocessor Survey, 
DCID-3793, April 1975. 

D. R. Richards, The Berkeley Data 
Base Management Svstem Programmer's 
Manual, LBL-4684, April 1976. 

D. R. Richards, The Berkeley Data 
Base Management System user's Manual, 
(Version 1.2), LBL-4683)„ April 1976. 

D. R. Richards, Representation of 
Hierarchically Structured Data in the 
Proposed ERDA Exchange Standard, in 
Proceedings of the Berkeley Workshop 
on Distributed Data Management and 
Computer Networks, LBL-5315, May 1976, 
p.221. 

E, Sahroeder, The Economic Impact 
of Water Curtailments in the Central 
Lahonton Region of Nevada, UCID-38S2, 
April 1976. 

E. Schroeder, A Reference Guide 
to Input-Output Models and Related Data 
at Lawrence Ber!.eley Laboratory, 
UCID-3836, April 1976. 

E, Schroeder, A User's Guide to 
Input-Output Tables and Related Data 
at Lawrence Berkeley Laboratory, 
UCID-3845, April 1976. 

E. Schroeder, B. Ruderman, 
Computation of a Flow Matrix for 1972, 



106 

UCID-5844, April 1976. 
A* Shieh, Application of the 

Generalized Conjugate Gradient Methods 
to Poisson's Equation on Irregular 
Domains, LBL-4670, in preparation. 

A, Shieh, Fast Poisson Solver on 
Nonrectangular Domains I, LBL-4668, in 
preparation. 

A, Shieh, Fast Poisson Solver on 
Nonrectangular Domains II, LBL-4669, 
in preparation. 

G, A. Sod, Eigenvalues and Eigen-
functions of the Hilbert Operator, 
LBL-4807, February 1976. Submitted to 
Astrophys, J. (Supplement Series). 

G. A. Sod, A Numerical Solution 
of Boltzmann's Equation, Ph.D. Thesis, 
University of California, Berkeley, 
LBL-4662, Aprr.l 1976. 

L. Soroka, Summary of 30-KeV 10 
MA D Plus Trajectory Calculations, 
UCID-3749, October 1975. 

L. Sovoka, A. C. Paul, Orbit 
Studies for an Isotope Separator, 
UCID-3826, March 1975. 

M. Stonebraker, Proposal for a 
Network INGRES, in Proceedings of the 
Berkeley Workshop on~Distributed Data 
Management and Computer Networks, 
LBL-5315, May 19f6, p.336. 

H. white* Automated Counting of 
Cell Clones: A Progress Report, 
LBL-4674, June 1976. 

P. Wood, D. Austin, CARTE, A 
Thematic Mapping Program, presented at 
the Boulder Conference on Computer 
Graphics and Interactive Techniques. 
LBL-3073, July 1974 and in Computers 
and Graphics 1_, 239 (1975). 

J. D. Young, Complex Cubic Spline 
Approximation of Conjugate Harmonic 
Functions on Simple Polygonal Domains, 
Logistics and Transportation Review, 
1_2, 2131 (1976). 

J. D. Young, Complex Cubic Splines, 
Logistics and Transportation Review, 
11_, 13S8 (1975). 

B. Zeaher, NETX-The Design and 
Implementation of a Reentrant, Portable 

Text Editor - Internal Considerations, 
Master's Thesis, University of Califor­
nia, Berkeley, LBL-4681, February 1976. 

IV. REAL-TIME SYSTEMS GROUP 

R. Belshe, V. Elisaher, V. Jaaobson, 
D. Rondeau, K. Wiley, Solutions to 
Common Problems in CTR Control Systems 
Software Design, LBL-4697, March 1976. 

T. Budinger, K. Crowe, J, Cahocn, 
V, Elisoher, G. Gulberg, R. Huesman, 
L. Kanstein, Two- and Three-Dimensional 
Digital Image Processing for Medical 
Diagnosis Using Protons and Alpha 
Particles, presented at 8th Asiloma^ 
Conference on Circuits, Systems, and 
Computers, December 4, 1974. 

T. Budinger, K. Crowe, J, Cahoon, 
V. Elisaher, K. Heusman, K. Kanstein, 
Transverse Section Imaging with Heavy 
Charged Particles: Theory and Applica­
tion, presented at the Optical Society 
of Amenra, Stanford, CA, August 4-7, 
1975. 

V. Elisaher, S. Fehr, V. Jacob son, 
LRL/LLL CTR Staff, TFTR Neutral Beam 
Injection System Conceptual Design, 
LBL-3296, August 1975. 

V. P. Elisoher, S. Fehr, V. 
Jaaobson, K. G, Wiley, Designing the 
TFTR Neutral Beam Line Control System 
Software to Aid the Engineer, presented 
at the Sixth Symposium on Engineering 
Problems of Fusion Research, San Diego, 
CA, November 1975. 

V. Elischer, R. Louis, F. Olken, 
The Investigation of BART Long-Range 
Computer Improvements (Report 1), 
Acquisition of a Program Development 
Machine (PDM) for Central System Program 
Development, UCID-3766, July 1975. 

V. Elisaher, R. Louis, F. Olken, 
The Investigation of BART Long-Range 
Computer Improvements (Report 2), 
Acquisition of a Third Sigma II Computer 
for the Central Computer Center, 
UCID-3970, November 1975. 

F. olken, Timing and Locking 
Problems with State Vector Check-Point­
ing in the BART Central Train Control 
System, UCID-3797, November 1975. 

K. G. Wiley, J. Chu, TAS-Treadmill 
Automation System for the Letterman Army 



I l l -

I n s t i t u t e of Research, UCID-3S23, 
January 5, 1976. 

V. COMPUTER CENTER 

J. A. Baker, A Mass Storage System 
for LBL's Central Computing Facility, 
UCID-3822, February 1976. 

/?. Friedman, Postmortem Dumps, 
LBL-4837, April 1976. 

R. <J. Harvey, Experiences in 
Resource Sharing, LBL-3808, March 1975. 

•J. Knight, Performance Measurement 
on the CDC 6600 at LBL-A Case Study, 
UCID-3789, October 1975. 

D. F. Stevens, Software in Resource 
Sharing: Scientific, L3L-3801, March 
1975. 

I. s. Vardaa, An Introduction to 
BLIMP —A Systems Programming Language 
for the CDC 6000/7000 CPUs, LBL-4828, 
April 1976. 


