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What is Laser? 
Laser—Laser Amplification by Stimulated Emission of Radiation    Before the Birth of Laser :  Albert Einstein (1916-1917)

Stimulated Emission

Albert Einstein 
(1879 1955)(1879ˉ1955)
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Key laser parameters 
1. Power 

ξLPL =
ξL
τ
,

EL = (
8π IL
c
)1/2 = 2.75×103 IL

1/2 (V /m),

: laser energy, τ : pulse duration (FWHM)à fs to ns 

Units : J/s (W) ;  range from 10-6W to 100s of TW (Terawatt, 1012W) up to Petawatt 

2. Intensity 
S = πr2 : the area of laser focal spot 

Units : W/cm2; range from 1014~1015 W/cm2 (conventional ICF), 1018~1024 W/cm2  

3. Electric field 

IL =
PL
S
=
ξL
Sτ
,

4. Wavelength and frequency 

λL =
2π
kL

=
2πc
ωL

, λL =1.053µm : Nd glass laser 
λL =10.6µm : CO2 laser λL = 0.35µm, 3ω laser (ICF) 



Key laser parameters 
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Normalized laser amplitude a0 = eE0 /mecω0



Laser progress 
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Fundamental intensity dependent regimes of interaction

Very compact accelerators can be built

a0 =
posc
mec

=
eE0
meωc

=
Iλµm
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Normalized laser amplitude 



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) 通过长程Coulomb力而集体相互作用着的
运动带电粒子（电子、离子或部分中性粒子）的电中性集合。 
 
  Because the plasma is composed of charged particles, the electromagnetic 
fields govern their motion, and the motion changes the electromagnetic fields in 
turn. 含有大量的自由带电粒子，以致其动力学行为受电磁力支配的物质状态 
 
    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. 正负电荷任何明显的不平衡，需要极强的电场才能维持---电荷分离场 

在1.053µm的激光等离子体的临界面（ncr=1021cm-3）处，偏离电中性仅1%， 

电场强度： E = 4
3
πr3 ncr

106
e
r2
= 6×109 r(V /m)

2. 任何等离子体都有一个自然振荡频率ωp 

n(r, t) = n0 + !n (r, t),
ni = n0, !n << n0
∇⋅E = −4π $n e

∂n
∂t
+∇⋅ (nu) = 0

me
∂u
∂t
= −e

E

∂2 "n
∂t2

+
4πn0e

2

me

"n = 0

ω p = (
4πn0e

2

me

)1/2 = 5.65×104 n0 (s
−1)



What is plasma? 
Quasineutral: 
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3. 

(热运动的空间尺度) 
λD = vth /ω p



Derivation of Debye Length 

平衡等离子中： n = n0 exp(eϕ / kBT )
ϕ 是由于电荷扰动引起的位势，假定离子不动，并取 !n = !nδ(r)

则当距离远在 eϕ(r) / kBT <<1处， 

∇2ϕ = −4π[en0 − en0 exp(eϕ / kBT )− e !nδ(r)]

≈
4πn0e

2

kBT
ϕ + 4πe !nδ(r)

ϕ(r) = − e "n
r
exp(−r / λD )方程的解为： 

λD = (
kBT
4πn0e

2 )
1/2



Three criterions of a plasma system 
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Three criterions of a plasma system 
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Key plasma parameters 
1. Debye length 

λD = (
Te

4πn0e
2 )
1/2,

•  Screen radius of the electrostatic potentials 
•  Local spatial dimension of charge separation 

2. Critical density of laser propagation: 

ω 2 =ω pe
2 + c2k2 nc =ω0

2me / 4πe
2 =1.1×1021 / λL

2

3. Group, phase velocity and refractive index laser propagation: 

vg =
dϖ
dk

= c 1−
ϖ pe

2

ϖ 2 = c 1− ne
ncr

vp =
ϖ
k
=

c

1−
ϖ pe

2

ϖ 2

=
c

1− ne
ncr

η =
c
vp
=
vg
c
= 1−

ϖ pe
2

ϖ 2 = 1− ne
ncr

Laser propagation always from low to high refractive 
index à from high to low plasma density region 

4. Plasma density scale length: 
L = (1

n
⋅
dn
dx
)−1 n = n0 exp(−x / L)




