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Abstract. Backlight sources created from short pulse lasers are useful probes of high energy
density plasmas because of their short duration and brightness. Recent work has shown that the
production of Ko radiation can be manipulated by the size and geometry of the targets.
Empirical relationships suggest that the electron reflux in the target plays an important role in
the heating of these targets to create x-ray backlight sources.

Experiments to investigate fast electron transport in thin multilayer targets were performed at the
LULI 100 TW laser facility. The targets were composed of V/Cu/Al and varied from 300 to 50
pm in %ameter. They were isochorically heated by a 20 J, 300 ps laser pulse that delivered
[~2x10°~ W/cm® to form a warm dense plasma. Emission from the rear, unilluminated Al side
was observed using both time-resolved and imaging diagnostics. Spectra including the Al-Ka,
Al He-like, and Cu-Ka emission from the unirradiated Al side of the target show changes as a
function of total mass. The data from targets of different sizes and/or Cu layer thickness are
compared and analyzed to better understand the heating of the target and temperature of the
plasma
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Experimentson I nteractions of Electronswith
Molecular lonsin Fusion and Astrophysical
Plasmas
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Abstract. Through beam-beam experiments at the Multicharged lon Research Facility (MIRF)
at Oak Ridge National Laboratory (ORNL) and at the CRYRING heavy ion storage ring at
Stockholm University, we are seeking to formulate a more complete picture of electron-impact
dissociation of molecular ions. These inelastic mllisions play important roles in many low-
temperature plasmas. For example, in fusion devices they are important because molecules,
molecular ions, and electrons are abundant in the edge and divertor regions and are intrinsically
involved in plasma-wall interactions and edge plasma charge, momentum, and energy balance.
In astrophysics, the primary gas phase reactions that occur in interstellar clouds are electron-
molecular ion and ion-molecule reactions. Electron-impact dissociation of molecular ions is
crucia in the chemical dynamics of these cosmic environments and is often the final step in the
synthesis of neutral molecules. An electron-ion crossed beams experiment at ORNL investigates
the dissociative excitation and dissociative ionization of molecular ions from a few eV up to 100
eV. Taking advantage of a 250-kV acceleration platform at the MIRF, a merged electron-ion
beams energy |oss apparatus is employed to measure dissociative recombination (DR) down to
zero energy. Complementary DR experiments are also performed at CRY RING where chemical
branching fractions and fragmentation dynamics are studied. Recent results on the dissociation
of molecular ions of importance in fusion and astrophysics will be presented.

This work was supported in part by the Office of Basic Energy Sciences and the Office of Fusion
Energy Sciences of the U.S. Department of Energy under Contract No. DE-AC05-000R22725
with UT-Battelle, LLC.
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Abstract. The Berlin EBIT has been established by the Max-Planck-Institut fir Plasmaphysik to
generate atomic physics data in support of research in the field of controlled nuclear fusion, by
measuring the radiation from highly charged ions in the x-ray, extreme ultraviolet and visible
spectral ranges and providing valuable diagnostics for high temperature plasmas. In future
fusion devices, for example ITER, currently being constructed at Cadarache, France, the plasma
facing components will be armored with high-Z materials most likely tungsten, due to the
favorable properties of this element. At the same time the tremendous radiation cooling of these
high-Z materials impose a thread to fusion and oblique to carefully monitor the radiation. With
EBIT a selected ensemble of ions in specific charge states can be produced, stored and excited
for spectroscopic investigations. Employing this technique, we have for example resolved the
wide structure observed around 5 nm at the ASDEX Upgrade tokamak as originating from E1-
transitions into the open 4d shell of tungsten ionsin charge states 25+ to 37+ producing a band-
like emission pattern. Further these ions emit well separated M1 lines in the EUV range around
65nm suitable for plasma diagnostics. Kr-like to Cr-like tungsten ions (38+ to 50+) show strong
soft-x-ray linesin the range 0.5 to 2 and 5 to 15 nm. Lines of even higher charged tungsten ions,
up to Ne-like W***, abundant in the core plasma of present and future fusion test devices, have
been investigated with high resolution Bragg-crystal spectroscopy at 0.13 nm.



The Role of Atomic Physicsin Under standing
Physical Processesin High Energy Astrophysics
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Abstract.

X-ray grating spectra fronChandra and XMM-Newton have provided new insights into many
of the physical processes present in astrophysical sauroeexample, (i) many active galactic
nuclei (AGN) produce winds or outflows, detectable througha} absorption; (ii) active cool
stars have coronal pressures several orders of magnituge than found on the Sun; (i) shocks
produced by magnetic accretion onto stellar surfaces cotfl@material flows down, with density
and temperature diagnostics providing tests of the aceratiodels.

The diagnostics used to determine temperatures, dengf@smental abundances, ionization
states, and opacities require extremely accurate atortac Alethe same time, we must have a fairly
complete database in order to ensure that the diagnostic®ablended or otherwise compromised.
The best spectra are from bright objects with long expos{ai@gs), but the information contained
allows us to infer the location(s) of the emitting and absuglplasmas and understand the physical
properties. We will give examples to illustrate the role tdraic physics in our analyses of such
spectra and the quality of data required.

The Role of Atomic Physics in Understanding Physical Prees# High Energy AstrophysicsJanuary 18, 2@p71



Ultrafast X-ray Science at SLAC:
Preparing for LCLS

Philip H. Bucksbaum
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Abstract. Ultrafast lasers (t less than 1 ps) can capture the quantum dynamics of single vibration
in a crystal lattice or in a molecule, and they have also been used to view the transient
molecular-scale transformations of chemical reactions. Hard x-rays (E greater than 1 keV) can
probe the structure of matter on the length scale of a chemical bond. Until recently, only
relatively weak sources based on laser-induced plasma radiation were capable of capturing these
ultrafast dynamics and also viewing them on the scale of a single chemical bond. The recent
Sub-Picosecond Pulse Source experiment at SLAC was the first instrument based on
synchrotron radiation from an undulator that could do both. During its two-year run, its 8 keV,
80 fs x-ray pulses were the brightest ultrafast x-rays ever produced. The planned X-ray free
electron laser at SLAC (LCLS) will be far brighter, generating focused x-ray fields as strong as
atomic binding fields, comparable to today’s highest intensity lasers. These new tools are
creating some special opportunities for new science, and also some challenges. | will discuss
these, and present recent progress in ultrafast x-ray sources and science.
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Abstract. Accurate phase diagrams for simple molecular fluids and solids (H,, He, H,0, SiO,,
and C) and their constituent elements at eV temperatures and pressures up to tens of Mbar are
integral to planetary models of the gas giant planets (Jupiter, Saturn, Uranus and Neptune), and
the rocky planets. Laboratory experiments at high pressure have, until recently, been limited to
around 1 Mbar. These pressures are usually achieved dynamically with explosives and two-
stage light-gas guns, or statically with diamond anvil cells. Current and future high energy laser
and pulsed power facilities will be able to produce tens of Mbar pressures in these light element
materials. This presentation will describe the capabilities available at current high energy laser
facilities to achieve these extreme conditions, and focus on several examples including water,
silica, diamond-phase-carbon, helium and hydrogen. Under strong shock compression all of
these materials become electronic conductors, and are transformed eventually to dense plasmas.
The experiments reveal some details of the nature of this transition. To obtain high pressure data
closer to planetary isentropes advanced compression techniques are required. We are
developing a promising technique to achieve higher density states: precompression of samples in
a static diamond anvil cell followed by laser driven shock compression. This technique and
results from the first experiments with it will be described.

*This work was performed under the auspices of the U.S. Department of Energy by LLNL under
contract number W-7405-ENG-48.
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processes in dense plasmas
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Abstract.

Recent experiments using intense laser pulses on thintsargee produced spectra in which it
has been speculated that certain features are due to raudtipzation or recombination events.

To explore this possibility, the rate coefficients for csithnal double ionization and its inverse
process, four-body recombination, have been added to tlisi@moal rate matrix computed within
the Los Alamos plasma kinetics code ATOMIC. The collisiothadible ionization cross sections are
obtained from semi-empirical fits to experimental meas@nms) and the corresponding four-body
recombination rates are derived from detailed-balancsiderations.

We have examined emission spectra produced from solvincptingled rate equations, including
the double ionization and four-body recombination rateffaments, for an Ar plasma in which var-
ious fractions of hot electrons are present. We find thatisioh of these multiple-electron effects
can make appreciable differences to the average ionizatamge of the plasma and the resulting

emission spectra at moderately high electron densitigsh&ucalculations will be presented at the
conference.

Keywords. plasma kinetics, double ionization



Particle Manipulation with Nonadiabatic
Ponderomotive Forces
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Abstract. Average, or ponderomotive potentials effectively seen by particles in oscillating fields
allow advanced techniques of particle manipulation inaccessible with static potentials. In
strongly inhomogeneous fields the ponderomotive force is phase-dependent, and the particle
dynamics resembles that of a quantum object in a conservative barrier. Probabilistic transmission
through a ponderomotive potential is possible then and can be used for particle beam slicing.
Resonant fields can also cool and trap particles exhibiting natural oscillations (e.g., Larmor
rotation), as well as transmit them asymmetrically, hence acting as one-way walls. An
approximate integral of particle motion is found for this case and a new ponderomotive potential
is introduced accordingly.



Modeling Nuclear Fusion with an Ultracold
Nonneutral Plasma

Daniel H.E. Dubin

Physics Dept., UCSD, 9500 Gilman Drive, La Jolla CA 92093-0319
ddubin@ucsd.edu

In the hot dense interiors of stars and giant planets, nuclear fusion reactions are
predicted to occur at rates that are greatly enhanced compared to those at low
densities. The enhancement is caused by plasma screening of the repulsive Coulomb
potential between nuclei, which increases the probability of the rare close collisions
that are responsible for fusion [1]. This screening enhancement is a small but
measurable effect in the Sun [2], but is predicted to be much larger in dense objects
such as white dwarf stars and giant planet interiors where the plasma is strongly
correlated (i.e. where the Debye screening length is smaller than a mean interparticle
spacing). However, such strongly enhanced fusion reaction rates have never been
definitively observed in the laboratory. This talk discusses a method for observing the
enhancement using an analogy between nuclear energy and cyclotron energy in a cold
nonneutral plasma in a strong magnetic field. In such a plasma, the cyclotron
frequency is higher than other dynamical frequencies, so the kinetic energy of
cyclotron motion is an adiabatic invariant. This energy is not shared with other
degrees of freedom except through rare close collisions that break this invariant and
couple the cyclotron motion to the other degrees of freedom. Thus, the cyclotron
energy of an ion, like nuclear energy, can be considered to be an internal degree of
freedom that is released only via rare close collisions. Furthermore, it is shown that the
rate of release of cyclotron energy is enhanced through plasma screening by precisely
the same factor as that for the release of nuclear energy, because both processes rely
on close collisions that are enhanced by plasma screening in the same way [3].
Simulations and experiments measuring large screening enhancements for the first
time will be discussed, and the possibility of exciting and studying burn fronts will
also be considered.
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Atomic Data For Determining Abundances In
Interstellar Clouds

Steven R. Federman
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Abstract. Chemical abundancesin interstellar clouds are used to examine processes taking place
in this environment, to extract gas density and pressure, and to infer astronomical sources for the
synthesis of nuclei. The derivation of abundances from absorption lines at ultraviolet and visible
wavelengths relies on knowledge of oscillator strengths. | will discuss our multi-pronged
approach involving laboratory measurements, interstellar observations, and theoretical
computations for determining oscillator strengths. Results for atoms and ions of carbon,
chlorine, magnesium, and phosphorus will be presented. Comparisons with other results will
highlight where consensus has been achieved and where further work is needed.



