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—В. С. Высоцкий

. . . А с этою плазмой
Дойдешь до маразма.

И это довольно почетно!

. . . And this plasma
Makes you crazy.

However, it is a privilege!
—V. S. Vysotsky
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Preface

I wrote this book two years after completing the previous mono-

graph on the high-order harmonic generation of laser radiation in

plasma plumes. The reasons for writing another book on the same

topic were the incompleteness of data presented in the previous

publication, appearance of new results on plasma harmonics

generation, and willingness to provide a thorough analysis of some

nonlinear optical processes that occur in laser plasma during

the propagation of ultrashort laser pulses through this medium.

Although I have tried to not repeat my previous findings in this

book, some basic thoughts, which remain the same for both books,

have been presented and emphasized. As I have already stated,

the objective of writing this book is to present the missing parts

of this field of nonlinear optics that have motivated me to show

new theoretical considerations of plasma harmonics, advanced

methods of plasma formation, and recent experimental findings

of various new schemes of the high-order harmonic generation of
laser radiation in laser-produced plasma plumes, which I have simply

dubbed “plasma harmonics” in this book. Some incorrectness in this

term is probably compensated by the shortness and attractiveness

of the book title. Indeed, since the first experiments of high-

order harmonic generation in gaseous media (gas jets and gas

cells), the term “gas harmonics” has often appeared in scientific

literature along with the term “surface harmonics,” which refers

to another process of high-order harmonic generation during

specular reflection of strong laser fields from the surfaces of various

materials. Since most studies on harmonics generated in specially

prepared plasma plumes during last few years were performed

with my participation (both experimental research in Japan, India,

Canada, United Kingdom, Germany, Spain, Uzbekistan, etc., and
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theoretical studies in Bosnia and Herzegovina, Germany, Uzbekistan,

Russia, etc.), I feel the privilege to dub this field of nonlinear

spectroscopy as plasma harmonics.

So, what distinguishes this book from my previous publication,

High-Order Harmonic Generation in Laser Plasma Plumes (Imperial

College Press, London, 2012)? First, I discuss why at all plasma

harmonics may be of interest to us and in which areas of physics

it can be applied. I introduce both old and new theories related with

this field and give a brief historic overview on how the interest in

this field of nonlinear optics dropped after the first attempts of high-

order harmonic generation from plasma plumes in the first half of

1990s, but revived in 2005 when new approaches in the technique

of coherent extreme ultraviolet radiation generation considerably

pushed ahead this area of study. I show both disadvantages and

advantages of harmonic generation in plasma, which allowed to

make this approach concurrent to the commonly accepted gas

harmonic technique. The book also presents an analysis of the low-

and high-order plasma harmonics generated under different ex-

perimental conditions and using various (nanosecond, picosecond,

and femtosecond) lasers and then discusses the new approaches in

plasma harmonic studies. An important feature of these studies is

the characterization of plasma plumes and plasma harmonics, which

was not fully described in my previous book. I also present the recent

achievements in plasma harmonics and discuss the perspectives of

this interesting field of nonlinear spectroscopy of matter.

Overall, these studies turned from being interested in the

creation of new efficient sources of coherent extreme ultraviolet

sources to become a tool for studying the nonlinear optical,

orientational, and morphological properties of various materials

that could be ablated from solid surfaces. Currently, there is

worldwide interest in plasma harmonics, since the application of

plasma plumes for the analysis of various properties of matter using

the methods of high-order nonlinear spectroscopy—analogous to

the gas harmonics study of some orientational features of a few

molecular gases—can answer many questions about the structural

properties of materials. These studies are already under way in

various laboratories worldwide. It is expected that plasma harmonic

generation, which allows the application of thousands of solids,
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contrary to few tens of gaseous media used in gas harmonic

approach, may further push this field of knowledge toward the

better understanding of the features of various materials.

My visits to several leading laboratories working on plasma

harmonics led to fruitful communication with PhD students,

postdocs, and many colleagues involved in these studies. I gratefully

acknowledge their collaboration, because while familiarizing them

with the basics of this technique, I, too, learned many new methods

and became acquainted with the new and advanced equipment

and technologies. I would like to thank H. Kuroda, M. Suzuki,

M. Baba, F. Mitani (Saitama Medical University, Japan); T. Ozaki,

L. B. Elouga Bom (Institut National de la Recherche Scientifique,

Canada); P. D. Gupta, P. A. Naik, H. Singhal, J. A. Chakera, M. Kumar,

U. Chakravarty, M. Tayyab, R. A. Khan, M. Raghuramaiah (Raja

Ramanna Centre for Advanced Technology, India); J. P. Marangos,

J. W. G. Tisch, C. Hutchison, T. Witting, F. Frank, A. Zaı̈r, Z. Abdelrah-

man, F. McGrath (Imperial College, United Kingdom); M. Castillejo,

M. Oujja, M. Sanz, I. López-Quintás, M. Martin (Instituto de Quı́mica

Fı́sica Rocasolano, Spain); H. Zacharias, J. Zheng, M. Wöstmann,

H. Witte (Westfälische Wilhelms-Universität, Germany); T. Usmanov,

I. A. Kulagin, V. I. Redkorechev, V. V. Gorbushin, R. I. Tugushev,

G. S. Boltaev, N. K. Satlikov (Institute of Ion-Plasma and Laser

Technologies, Uzbekistan); M. Danailov (ELETTRA, Italy); B. A. Zon,

N. L. Manakov, M. V. Frolov (Voronezh State University, Russia);

D. B. Milošević (University of Sarajevo, Bosnia and Herzegovina);

M. Lein, M. Tudorovskaya (Leibniz Universität Hannover, Ger-

many); E. Fiordilino (University of Palermo, Italy); V. V. Strelkov,

M. A. Khokhlova (General Physics Institute, Russia); M. K. Kodirov,

P. V. Redkin (Samarkand State University, Uzbekistan); A. V. Andreev,

S. Y. Stremoukhov, and O. A. Shoutova (Moscow State University,

Russia) for their support in the development of plasma harmonics

technique. A tracking of the list of people and institutions involved

in this research just shows the interest in this relatively new field of

optics. It is important to note that, recently, several laboratories in

the United States, France, Spain, Korea, Ireland, Italy, and Japan have

become involved in plasma harmonics studies.

Probably, my wife, Lidiya, son, Timur, and daughter, Dina, have

suffered when I could not take them along with me on my long trips
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abroad. Their patience and love always followed my love for them,

which helped me overcome the various obstacles of the life of a

scientific traveler. I thank them for that.

Rashid A. Ganeev
Saitama, Japan

Spring 2014




