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OBSERVATORY REPORT* 

Lawrence Livermore Laboratory, University of California 
Livermore, California 9US50 

INTRODUCTION 

Hie Lawrence Livermore Laboratory is operated by the University of 

California under U. S. Atonic Energy Commission Contract W-7405-ENG-U8. 

Most of the astrophysical and astronomical research at LLL represents 

part-time activity associated with the main responsibilities of staff 

members. 

Research related to astronomy at LLL can be roughly divided among 

three categories: computational modeling of astrophysical systems, high 

altitude observations, and theoretical and experimental determination of 

atomic and nuclear properties. Facilities utilized in this work include 

four CDC 7600 and two CDC 6600 computers, sounding rockets (developed by 

Sandia Laboratories) launched from Kauai, several accelerators including 

a cyclograff and a 100 MeV electron-positron LTNAC, and an array of equip

ment for carrying out experiments on the properties of materials at high 

pressures and densities. Only research which was carried out during the 

last year and which has a relatively direct application to astronomy is 

discussed in the paragraphs below. 

*This vork was performed under the auspices of the United States Atomic 
Energy Commission. 
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II STELLAR STRUCTURE, SUPERNCVAE, AND NUCLEOSYNTHESIS 

Westbrook and Tarter carried out numerical studies of the 
evolution of protostars whose initial masses ranged from 0.1 to 
50 M . Their computations led to equilibrium configurations which 
were substantially larger and mare luminous than found in previous 
calculations of protostellar evolution. In addition, they showed 
that the evolution of low mass protostars was quite sensitive to the 
treatment of convective energy transport, and that large mass protostars 
ejected a significant fraction of the initial protostellar cloud. 

Graboske, deWitt,and Rogers continued their investigations of the 
equations of state in regimes in which the Coulorrb interactions play 
a significant Tola, and in collaboration with Grossman (Iowa) they 
applied the results to various astraphysical problems. These included 
further studies of the evolution of low mass stars, a theoretical 

- prediction of the mininum mass for the deuterium main sequence, and 
the effects of the plasma Coulomb interaction on thermonuclear reliction 
rates. Current efforts are directed toward the development of computa
tional models for Jupiter. 

Supernovae have always been a topic of major interest at Livermore 
and work in several areas was carried out during the past year. Using 
the new results from the neutral current theory of neutrinos, Wilson 
repeated his earlier calculations on the possibility of neutrino energy 
deposition in the outer stellar layers as a supernova mechanism. In 
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contrast with his previous results, the enhanced neutrino scattering 

cross section led to models in which the outer layers were accelerated 

to escape velocity, presumably leading to a supernova eĵ ilosion. 

The possibility of deuterium and other light isotope production by 

spallation in supernova shock waves was investigated by Weaver and Chapline. 

Their detailed calculations showed that the important dissipative mechanism 

in such shocks is radiative diffusion (rather than ion viscosity), and 

hence that the ion temperature remains too low for efficient light element 

production. Epstein (now at the Center for Astrophysics) and Petrosian 

(Stanford) studied the effects of primordial density and temperature 

fluctuations on the production of light elements. Chapline pointed out 

that the deuterium problem might be resolved if many black holes were 

present during the early radiation era. 

IH NEBULAE AND THE INTERSTELLAR MEDIUM 

vfeisheit continued his research into various aspects of the inter
stellar medium with particular emphasis on the applications of new work 
in atomic physics. Using an empirical scheme for computing K- and 
L-shell photoionization cross sections, he analyzed a variety of steady 
state models for interstellar clouds and for the intercloud gas. This 
work incorporated the effects of Auger transitions and considered a 
number of possible sources of ionizing x-rays and cosmic rays. 

Weisheit and Tarter also carried out a theoretical analysis of the 
Copernicus satellite observations of ultraviolet absorption features in 
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the spectrum of unreddened stars. This work showed that circumstellar 

material was the most likely origin of such features, but that the 

observations were also consistent with a tine dependent model of the 

interstellar medium. Weisheit subsequently proposed an observational 

test for distinguishing between the two explanations. 

Woodward (now at NBAO) continued his work on tine-dependent 

calculations of interstellar gas flow. Using a two-dimensional coupled 

Eulerian-Lagrangian code he analyzed the flow in a tightly wound spiral 

density wave and also began studying problems related to star formation 

and binary accretion systems. His work on spiral arm structure showed 

that it was difficult to explain spiral arm spurs on the basis of large 

scale turbulence; he ?lso found that excitation of spontaneous spiral 

waves cannot lead to a steady state spiral structure. 

Max and Arons (Berkeley) are studying the large line widths observed 

in CO emission from molecular clouds. They have shown that moderate-

amplitude Alfven or magneto-acoustic waves can lead to the observed 

widths if the magnetic fields in the clouds exceed t x 10~ gauss. 

IV OBSERVATIONAL X-BAY ASTRONOMY 
The high altitute physics group, Burginyon, Grader, Hill, Palmieri, 

Seward, Steering, and Toor, (under the direction of Seward) has continued 
to use sounding rockets launched from the Kauai range to study cosmic 
x-ray sources. In June, 1972, a sensitive soft x-ray survey of the 
Aquila-Scutum region was carried out. Two new sources not listed in the 
3 U catalogue were found in the 2-10 KeV energy range. One source 
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(Set X-l) is very strongly absorbed and is not detectable below 1 KeV. 

A map is being prepared of the diffuse soft x-ray background in this 

region. 

In June 197& the soft x-ray spectra of Tycho's supernova remnant 

and of Cas A were measured with good statistical precision. It was 

found that Cas A has five times as much absorbing material between 

earth and the source as does Tycho's remnant. The spectrum of Tycho's 

remnant also showed a definite feature which is best interpreted as due 

to emission lines from ionized silicon. The best fit to the data was 

obtained with a calculated thermal spectrum in which the silicon abun

dance was increased by a factor of ten over its normal cosmic abundance. 

Similar thermal models were constructed for the soft x-ray spectra of 

Cas A, Pup A, Vel X, and the Cygnus loop, and for each remnant it was 

necessary to have a high silicon abundance to get acceptable fits to 

the data. 

The November 3, 1971, lunar oceultation of the Crab nebula was 
o observed with a 3000 cm. x-ray detector. Data were obtained over the 

energy range 0.5-16 KeV. After analysis the data will yield a high 

resolution one-dimensional map of the x-ray source(s) contained in the 
Crab. The region scanned extended over 160 arc seconds and was centered 
on the pulsar. 

A study of electron-induced backgrounds in soft x-ray observations 
was also completed. Data from twelve previous rocket flights were 

analyzed and 1he results published. Low energy electrons, precipitating 
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from the trapped radiation belts, are always present in sane regions. 
Such electrons introduce serious problems in making observations, and 
the detectors must be designed to minimize electron-induced effects. 

V THEORETICAL HIGH ENERGV ASTROPHYSICS 
Work in theoretical high energy astrophysics was divided among 

quasars, x-ray sources, and various facets of systems in which general 
relativity plays a significant role. 

(a) Quasars 
Most research on quasars was concerned with the properties of the 
emission or absorption line regions. Tarter and McKee (Berkeley) 
performed a detailed calculation of radiation pressure in optically 
thin gas and showed that most of the force exerted by radiation 
was due to continum absorption in hydrogen and helium, thus making 
it difficult to invoke line-locking in trace elements as the source 
of different absorption line red-shift systems. Scargle (Santa 
Cruz), Caroff (Ames), and Tarter proposed an optically thin model for 
the emission line regions of quasars and showed that most of the 
observed data was consistent with such a single-parameter class 
of models. Aronson (Harvard), McKee (Berkeley), and Weishsit 
completed work on a computer program to study absorption line 
red-shift systems. Iheir analysis of published quasar spectra 
shows that only about half of the previously identified red-shift 
systems are statistically reliable. 



(b) X-Ray Sources 
Tarter and McKee (Berkeley} used the results of the radiation 
pressure calculation discussed above to provide improved estimates 
of the effective Eddington limit for accretion models of x-ray 

sources. Alms and Wilson calculated the x-ray emission from a 
neutron star accreting material, and Ruffini (Princeton) and 
Wilson also considered the neutrino emission expected in such 
a model. 

Alme and Wilson constructed a number of detailed models for 
binary x-ray sources, with particular application to the HZ-
HerculesAlercules X-1 system. Their calculations showed that the 
mass loss rate is too small to sustain a self-excited accretion 
powered x-ray mechanism unless the photosphere is very close to 
the Roche limit, and that this mass loss rate is relatively 
insensitive to the spectrum and angle of incidence of the x-rays. 
They also analyzed the effects of different chemical abundances 
on both the mass loss rate and the optical modulation produced by 
the x-ray source. 

McClintock (MIT), Canizores (MIT), and Tarter considered the 
problem of the strong JU 4640-50 emission associated with many 
x-ray sources. They showed that the emission probably resulted 
from the Eowen flourescence mechanism, although they could not 
definitely rule out the possibility of the 0(f) star process. 
They also suggested several observational tests which could 
discriminate among the various theoretical models. 
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(c) "General Relativity" 
Dahlbacka, Chapline, and Weaver pointed out that the very high 

temperatures associated with natter accreted by a black hole car. 
lead to pion production which in turn can produce t-rays with a 
characteristic spectrum peaking around 18 MeV. They gave estimates 
of the black hole density which would then be required to produce 
the currently observed y-ray fluxes. Chapline, Nuckolls, and 
Wood pointed out that it might be possible to generate detectable 
intensities of gravitational radiation with nuclear explosions, 
thus permitting general relativity experiments to be conducted in 
a terrestrial environment. 

VI REIATED RESEARCH 
<a) Equations of state 

As mentioned previously, theoretical work is continuing on the 
equation of state in regimes where Coulomb interactions are 
important. Both experimental and theoretical efforts are aimed 
at determining the metallic hydrogen transition point, and this 
has important implications for the structure of planetary 
interiors. Ross has used the results of recent shod, compres
sion experiments (which achieved sevenfold compressions and 
pressures of 900 kb) in conjunction with theoretical analysis to 
place a lower bound of 2 to 3 Mb for the metallic -transition 
pressure. Chapline, Johnson, Teller and Weiss analyzed the 
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properties of highly excited i.uclear matter and suggested some 

experimental methods for obtaining information which could be 

useful in understanding the properties of matter in neutron 

stars and in the very early universe. 

Cb) Plasma>-Spectroscopy 

The use of lasers to generate high temperature, high density 
laboratory plasmas has stimulated theoretical interests in the 
x-ray emission spectra of such plasmas, and this work also has 
application in the analysis of astronomical spectra. During thfi 
last year two space-and tims-dependent non-LTE codes (written by 
Grasber>jer and Lokke, respectively) have been used to theoretically 
predict such spectra. Although the predictions have generally 
been in reasonable agreement with the experimental results, a 
much more detailed physics description needs to be incorporated 
in the codes in order to calculate the strengths of the numerous 
satellite lines and other anomalous features observed in the 
spectra. At present, work on dielectrcnic recombination and 
excitation and J lization in dense plasmas is being pursued, as 
well as an effate directed at computing detailed line profiles 
in such systems. 

(c) Opacities 

Recent work in opacities has focused on the use of non-hydrogenic, 
density dependent, cross sections and oscillator strengths in the 
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calculation of mean radiative opacities. Rozsnyai has developed 
a Hartree-Fook-Slater opacity code which self-consistently calculates 
the atomic potential, wave functions, equation of state, and cross 
sections for a single element at arbitrary temperatures and densities. 
Weisheit and Shops also calculated bound-bound and bound-free cross 
sections for an atom in a screened potential, and both this work 
and tt at of Kozsnyai indicate that density effects can significantly 
influence ° radiative opacity. The implications for stellar 
opacities are currently being pursued through an extension of 
Rozsnyai's code to mixtures and through Tarter's construction 
of an ionic opacity code somewhat similar to the standard astro-
physical code developed et Los Alamos. 
Plasma Astrophysics 

Max and Arons (Berkeley) tave continued their work on non-
asdsynmetric magnetic fields associated with puJsars, and the 
interaction of that field with synchrotron-emitting electrons 
(with specific application to the Crab nebula). In particular 
they are investigating the generation of D.C. magnetic fields 
in the Crabj and the possible importance of stimulated Compton 
scattering as a means for' absorbing the pulsar wave near the 
"wisps". 
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