Captivate Thursday, October 19, 2006

FNSPE CTU

APPLIED & ENGINEERING PHYSICS

COURSES

Page 1 of 40



Captivate Thursday, October 19, 2006

Edward Teller 1908 - 2003

Applied and Engineering Physics
Faculty of Nuclear Sciences and Physical Engineering, CTU Prague

Page 2 of 40



Captivate Thursday, October 19, 2006

Physics

of High Energy
Density

Page 3 of 40



Captivate Thursday, October 19, 2006

Page 4 of 40



Captivate

Thursday, October 19, 2006

Course
Physics of High Energy Density
Year : Second / Third
Semester : Fall

Staff
Lectures : Prof. Ladislav Drska

Projects : Prof. Ladislav Drska et al.

Course Meeting Times
Lectures : 2 hours | week
Laboratory : 2 hours | week
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Course Objectives / Prerequisites

>>> Objectives >>>

The course offers an up-to-date survey of physics of systems
with extreme parameters (density, temperature, fisld intensity) as
a starting point to the research in this area.

=>> Prerequisites >>>

Sound previous knowledge of plasma physics and nuclear physics
is expected, reasonable proficiency and skills in scientific
computing are essential.
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HIGH ENERGY DENSITY STATE OF MATTER

ENERGY DENSITY Pressure

51011 3
e >10" Pa=1Mb

Electric field Electromagnetic wave
strength (laser) intensity
>1.5x10"" Vim >3x10"° W/cm?

Magnetic field Blackbody radiation
strength temperature
>5x102 T > 4x102 eV
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HIGH ENERGY DENSITY STATE OF MATTER

ENERGY DENSITY

HEDS ' T SEMTEX 1A

>10°J/cm’ G N 7.22x10°J [ cm®
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Course Outline (1)

1. Introduction : High Energy Density Physics.

Definition of High Energy Density Physics (HEDF). High Energy Density
Systems (HEDS) in Mature and laboratory. Classical, quantum and
relativistic HEDS. Radiative and nuclecreactive systems.

2. Theory / Simulation in HEDP

Problems of the theory of HEDS, strongly coupled systems and
superstrong fields. Concepts and limits of theoretical descriptions of
HEDS . Key role of computational approaches, simulation concepts and
demands. Warm dense plasma, high-field systems, inertial confinement
fusion, astrophysical systems. Description and simulation of systems with
radiative and nuclear processes.
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Course Outline (2)

3. Experiments [ Diagnostics in HEDP

State-of-the-art facilities to create HEDS. FPulsed systems, beam-driven
systems, superintense lasers, XFEL facilities, multidriver concepts. A
survey of available diagnostic tools for HEDS. The value of simulations in
experiment design and diagnostic evaluation. Froblems of the
diagnostics of rare processes in HEDS, novel data evaluation
approaches.

4. Applications of HEDP | HED Technologies

HEDF as a base for new high-tech applications. Special and intense
radiation sources, nuclids production, potential use in ADTT.
Conventional and non-conventional / exotic ways to fusion energy, non-
neutronic systems. Laboratory high-energy-density astrophysics,
experimental relativistic and nuclear astrophysics.
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Course Outline (3)

5. Conclusion : Potential Trends in HEDP

HEDP tasks for future intensive computing facilities. Physics of
superdense and ultrahot states of matter. Gamma lasers, modification of
nuclear processes. Future HEDS and particle physics

7. References : Texts [ Databases | Webpages
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Course Features / Exam

=>> Features >>>

The course is presented in Twin-Learning Mode, its substantial partis
delivered in a computational laboratary ; an individual research project

must be camed out.

>>> Exam / Grading >>>

Microproject | Realization and presentation of a small research project

inthe area of HEDP (70%) .

Final examen : Solution of a relevant problem and discussion (20%)
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Course Resources
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Classics

[01] Caldirala P., kKnoepfel H. (Editars):
Physics of High Energy Density. Proceedings
of the International Schoal of Physics

"Enrico Fermi®, Yarenna on Lake Coma,

July 14 - 26, 1959,

Academic Press 1991,

ISBM 0-12-368845-5

PHysIcs oF
[02] Zel'dovich Ya.B., Raizer Yu.P.: SHock WAVES AND
Physics of Shock Waves and High-Temperature HiGH-TEMPERATURE
Hydrodynamic Phenomena . Translation / Paperback. HypRroDYNAMIC

Dover Publications 2002
[(Original Edition : Mauka 1365)
|SEM 0426420027

[03a] Rolfs C.E., Rodney W.S.:
Cauldrons in the Cosmos : Nuclear Astrophysics.
University of Chicago Press 2005
ISBN 0-226-72457-3

[03] Clayton D.D.:
Principles of Stellar Evolution a
Reprint Edition.

University of Chigago Press 1984
{Original Edition : McGraw Hill 1968)
|SBM 0-226-10953-4

Nucleosynthesis.

Ya. B. Zeldovich and
. P. Rai
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Top Twelve References (1)

[01] Eliezer 5.:
The Interaction of High-Power Lasers with Plasma.

Institute of Physics Publishing 2002, THE INTERAGTION 0
ISBEN 0-7503-0747-1 HIGH f'}g{j; .!i' i
[02] Salzman D.;

Atomic Physics in Hot Plasmas.
Oxford University Press 1998
ISEN 0-19-510930-9

[03] Beyer F.H., Shevelko . P.:

Intreduction to the Physics of Highly Charged lons.

Institute of Physics Publishing 2003 ort Pulse Lase
ISEN 0-7503-04581-2 eracfio

[04] Gibbon P

Short Pulse Laser Interactions with Matter : An Introduction.
Irnperial College Press 2005,

|SBN 1-86094-135-4
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Top Twelve References (2)

[05] Krernp D., Schlanges M., Kraeft W.-D.:
Quantum Statistics of Nonideal Plasmas.
Springer 2005

ISBN 3-540-55284-1

o b Sa

[0B] Ichirmary S.; Quantum Statistics
Statistical Plasma Physics. Vol. 2. Condensed Plasmas. of Nonideal Plasmas
Addizon-YWesley 1994,
ISEM 0-201-55481-7

Atoms, Solids,
and Plasmas in
[07] Batani D, Joachain Ch.l, Martellucci 5, Chester A N 5UF¢T‘|"_l*5""f
{Editars): Laser Fields

Atoms, Solids, and Plasmas in Super-Intense
Laser Fields. [08a] Galy J., Zhagar T., Magil J., Schyvwoerer H.

Kluwer Academic / Plenum Publishers 2001 (Ecltars]:
ISBMN 0-306-46615-5 International Workshop on Lasers &

Huclei. Applications of Utra-Highlntensity

[08] Schwoerer H., Magill J., Beleites B. (Editors) Sl e

Lasers and Nuclei. Applications of Ultra-High Intensity | g ronean commizsion, Joint Research centre
Lasers in Muclear Science. 2004,

Springer 2006, SPK. 04173

ISBMN 3-540-30271-9

ancd Arihir ™, Lhesier
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[09] Atzeni 5., Meyer-ter-vehn J.:
The Physics of Inertial Fusion: Beam-Plasma Interaction,

Top Twelve References (3)

Hydrodynamics, Hot Dense Matter. . \ .
Oixford Science Publications 2004 "'”P';::'t:g::'je'“
ISBM 0-19-856264-0 s 5

[10] Committee of High Energy Density Plasma Physics,
Plasma Science Committee, Mational Research Council:
Frontiers in High Energy Density Physics : The ¥-Games
of Contemporary Science.
http:ffbooks. nap. edu/catalog 10544, html

The Mational Academies Press2003

[11] Drake R.P.:

High-Energy-Density Physics: From Inertial Fusion
to Experimental Astrophysics.

Springer 2008,

ISEN 3-540-228314-0

[12] Kyrala G.A (Ed):

High Energy Density Laboratory Astrophysics.
Springer 2005,

ISEN 1-4020-3483-0
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Some Webpages (1)

: L;j?:r F:I-alsma Centre. Live URLSs

(02
hittp:

LLE: Laboratory for Lager Energetics, Universityaaf Rochester
 rochester edufindex, ltml [ Ty
- L
LE: Central Laser Facility, Rutherford Appletan Laboratory
clf rl.ac.ukf

Center for Ultrafast Optical Science, University of Michigan
i urmich ed '

Sy
WA LI |:1I
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Some Webpages (2)

STA / Ecole Palytechnigue
Live URLs

erionenforschung, Helmhaoltz-Gemeinschaft

[02] HASYLAB : Hamburger Synchrotronstrahlunglabor
hittp: ab.d defmain. shtrml

[09] XFEL : The European X-Ray L aser Project

http el netfend

[10] JINA : The Joint Institute for Nuclear Astrophysics
http Jinaweb. arg/
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mgb%\ Supplementary Refs for Projects (1)
‘, |

[01] Mikiforow A F. Movikoy . G, Uvarov . B.

lacob A

Quantum-Statistical Models of Hot

Dense Matter: hethods for Computation Visfrar . e Eles b
Opacity and Eguation of State. Quantum-Statistical

Birkhauser 2005. Models of Hot Dense

IZBN 3-7643-2153-0 Mattor

Mamyady I3e Compatation
Dbt iy ol Fuatios of Sune

[02] Bertulani C.A, , Danielewicz P.:
Introduction to Muclear Reactions.

Institute of Physics Publishing 2004 pirkhauser  INTRODUCTIONTO
ISBIN 0-7503-0932-6 NUCLEAR REACTIONS
[03] Magill J., Galy J.: R R
Radioactivity, Radionuclides, Radiation. P Danigiewics
Springer 2005,

IZBM 3-540-21116-0
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Supplementary Refs for Projects (2)

[04] Arnett D.

Supernovae and Nucleosynthesis. Paperback
Frinceton University Press 1996, —
ISEM 0-691-01147-8 - David Arnett

[05] Dubin D.:

Numerical and Analytical Methods for Scientists
and Engineers using Mathematica.

Wiley 2003,

|SBMN 0-471-26610-5

[06] Scott L., Clark T., Bagheri B.:
Scientific Parallel Computing.

Princeton University Press 2005

ISBMN 0-691-11935-X Chap. 1. Introduction
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Live URLs

[1] Laser and Particle Beams.

Cambridge University Press.

ISSN 0263-0346

http:foumals. cambridge. orgfaction/displayJournal ?jid=LPB

[2] High Energy Density Physics.

Elsevier.

ISSh 1574-1818

http: e sciencedirect. comfsciencefjournalf 15741818

[3] Physics of Plasmas.
Ametican Institute of Physics,
IS5 1070-B64% (Print + Online)
ISSH 1089-7674 (Online anly)
http:fpop. aip. orglpop!

Special Journals
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Extented Syllabus
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=p=rz> Sorry <<<<<<
MNot available at this time
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Sample Lecture
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[(PaRT1 )

GH ENERGY DENSITY

tory Lecture

LECTURE 1

| Contents

===>>> Plegse <<<<<

CLICK THE PICTURE
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Thank you for your attention

Comment and suggestions are
welcome
drska@antu.fjfi.cvut.cz
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Creator of the movie : L. Drska
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