2014 Autumn Semester, course for graduate student
Lecture notes: Physics of Laser-Plasma Interaction

|. Basic concept of laser-plasma
interaction

Bin Qiao
School of Physics
Peking University, Beijing, P. R. China
Email: bgiao@pku.edu.cn

Office: Room 544 (South), Physics Building
Tel: 62745005

"c-.

\.\

III/]



What is Laser?

Laser—Laser Amplification by Stimulated Emission of Radiation

Stimulated Emission EINSTEIN, ALBERT. Strahlungs-Emission
b ore During ater und -Absorption nach der Quantentheorie
smission smission smission [Emission and Absorption of Radiation in
Ey — — — Quantum Theory]. Verhandl. D. Deutch.
hy AnAA> Phys. Ges., 1916, Vol 18, pp. 318-323.
AF .,,l’,."‘.‘,,.
EINSTEIN, ALBERT. Zur Quantentheorie
— E) T:M— der Strahlung [On the Quantum Theory of
Albert Einstein axoited state @round sisie Radiation]. Phys. ZS., 1917, Vol. 18, pp.
oD o Ey— E| = AE = h 121-128.
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Key laser parameters

1. Power 5
= 2L . laser energy, T: pulse duration (FWHM)-> fs to ns
L ’ L

T
Units : J/s (W) ; range from 10-°W to 100s of TW (Terawatt, 10'°W) up to Petawatt

2. Intensity

P,
I, = SL S = JTr: the area of laser focal spot
S St

Units : W/cm?; range from 10'4~10"° W/cm? (conventional ICF), 10'8~10%4 W/cm?

3. Electric field
= hiyn 5 75510712V 1 m),

C
4. Wavelength and frequency
2n  2mc A, =1.053um: Nd glass laser

A‘ — — s
L k, o, A, =10.6um : CO,laser A, =035um, 3wlaser(ICF)
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Key laser parameters

Normalized laser amplitude a, = ek, / m,cw,

a, =8.5x107°[I(W | ecm*) A, (um)*1"*

I, 1016 | 5x1016 1017 5x1017 1018 | 5x1018 101 | 5x1019 1020 1021
(W/cm?)
a0 0.084 | 0.187 | 0.265 | 0.592 | 0.837 | 1.8714 | 2.65 5.92 8.37 26.5
(Ap=1pm)

I =137x10"W -cm™ - um™, v~c

EE?E‘JQUS[VGI':‘E}:E%?%%’ E‘i%, %?E@Eﬁiﬁﬁ%%%ﬂ:, ~
mrIEREE




10

[
=

Focused Intensity (W /cm’)
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Relativistic Optics
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Laser progress
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Pulse duration (s)

Laser progress
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What is plasma?

Plasma: A plasma is a quasineutral “gas” of charged and neutral particles which
exhibits collective behavior. (F. F. Chen) il K2 Coulomb /7T &E44HH EAEFHEH
B BT (BT BTFEEsPENT) REFEES.

Because the plasma is composed of charged particles, the electromagnetic
fields govern their motion, and the motion changes the electromagnetic fields in

turn. SH KERE BB, BN IFAT N2 B SRRV BUIRES

Therefore, the particle motion and the EM fields are strongly coupled.
The plasma properties appears only when a gas is ionized sufficiently that the
electric characters are more significant than the neutral characters.

By “collective behavior”, which means that depend not only on local conditions
but on the state of the plasma in remote regions as well.

Collisionless plasma: The long range EM force is much larger than the local force
associated with collisions.




What is plasma?

Quasineutral:

1. IESCRGHMETRA B AT, TEWRGRE B R4 ---miT 20 =%
FE1.053um OGS B TR A1 (ng=102"ecm3) &b, & fL A 1%,

L 47 2 e € 6x10°K(V I m)
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What is plasma?

Quasineutral:

3. “YErp M (quasineutral): B TR1T A
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Derivation of Debye Length

T B . n=n,exp(e@/k;T)
@ RHTREREIERMAE, BEB TR, FW n' =n'd(r)
mypisats ep(r)/ kT <<1 g,
V@ = -4malen, —en,expleq | k,T)—en'S(r)]
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Three criterions of a plasma system

ARG A B REZZ KT Ap; 7% W B AR
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Three criterions of a plasma system
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Key plasma parameters
1. Debye length

T i » Screen radius of the electrostatic potentials
A’D - (4 - _2) » * Local spatial dimension of charge separation
an,e

2. Critical density of laser propagation:
w* =w§e+c2k2 n =wom, /4me’ =1.1x10°"/ A,
3. Group, phase velocity and refractive index laser propagation:

z_ C . C
2
“ 1- e \/1— iz
w

n

Ccr

¢ Ve | W, 1N Laser propagation always from low to high refractive
n= v ¢ - o> B n  index <> from high to low plasma density region
P cr
4. Plasma density scale length: 1 dn

=(—-—)" n=nyexp(-x/L)
n dx
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