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Outline 
IV.1 Collisional damping of laser waves in plasmas 
         （光波的碰撞阻尼） 
 
IV.2 Collisional damping of a laser wave normally incident 
on a nonuniform plasma  
     （垂直入射光波在非均匀等离子体中的碰撞阻尼） 
 
IV3. Collisional damping of a laser wave oblique incident on 
a nonuniform plasma 
       （斜入射光波在非均匀等离子体中的碰撞阻尼） 
 
IV.4 Nonlinear Inverse Bremsstrahlung absorption 
        （非线性逆韧致吸收） 



What is Inverse Bremsstrahlung absorption? 
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What is Inverse Bremsstrahlung absorption? 
What is the IB absorption?p

z IB absorption is also called collisional absorption,z IB absorption is also called collisional absorption,

N lli i El i lli i

motion of electron in a laser field: )/2cos(0 TtEE S
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Acceleration and deceleration Acceleration and decelerationAcceleration and deceleration 
are symmetric. Gain no energy.

Acceleration and deceleration 
are nonsymmetric. Gain energy.



IV.1 Collisional damping of laser waves in 
plasmas (光波的碰撞阻尼) 
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IV.1 Collisional damping of laser waves in plasmas 
(光波的碰撞阻尼) 
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（调研如何得到？） 

（密度为ne，速度为ue的电子流体与稳定的离子流体之
间相互作用） 

= 3×10−6 neZ
Te
3/2 lnΛ

lnΛ 库仑对数 
极大碰撞参数（近似等于电
子的debye⻓长度）与最小碰
撞参数之比 



带有碰撞项的流体运动方程 
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Fluid�equations�with�collisions�included

Fokker-Planck Equation:

q

¦ w
w

 
w
w
�

u
��

w
w
��

w
w

ct
f

v
f

c
BvE

m
q

x
fv

t
f )()( &

&&

&
&

wwf

For the case without ionization and recombination (no new particle generation), 

continuity equation does not change
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The collisions between the same kind of particles do not cause moment change of 
the fluid: 
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(由于同k类型电荷碰撞引起的第j类
型电荷的动量改变率) 



带有碰撞项的流体模型 
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（等离子体传导率，复数） 



带有碰撞项的流体模型 

⬅Faradayᅮᕟ੠Ampereᅮᕟ

function dielectric            
)(

1

,
4

,

2

ei

pe

i

E
c
iE

c
iE

c
B

B
c
iE

QZZ
Z

H

HZZSV

Z

�
� 

� � u�

 u�

GGGG

GG

等离子体介电函数 



带有碰撞项的流体模型 
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带有碰撞项的流体模型 
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带有碰撞项的流体模型 
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带有碰撞项的流体模型 
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带有碰撞项的流体模型 



激光聚变采用三倍频激光（短波长） 
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激光聚变采用三倍频激光（短波长） 

Shorter�laser�wavelength��is�advantageous�
for�laser�fusionfor�laser�fusion

Currently one adapts 0.35Pm or 3Z0 for ICF laser driver.
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带有碰撞项的动理学模型 
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带有碰撞项的动理学模型 
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带有碰撞项的动理学模型 
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带有碰撞项的动理学模型 
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带有碰撞项的动理学模型 
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带有碰撞项的动理学模型 
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IV.2 Collisional damping of a laser wave 
normally incident on a nonuniform plasma  
(垂直入射光波在非均匀等离子体中的碰撞阻尼) 



IV.2 Collisional damping of a laser wave normally incident on a 
nonuniform plasma (垂直入射光波在非均匀等离子体中的碰撞阻尼) 
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IV.2 Collisional damping of a laser wave normally incident on a 
nonuniform plasma (垂直入射光波在非均匀等离子体中的碰撞阻尼) 
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IV.2 Collisional damping of a laser wave normally incident on a 
nonuniform plasma (垂直入射光波在非均匀等离子体中的碰撞阻尼) 
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IV.2 Collisional damping of a laser wave normally incident on a 
nonuniform plasma (垂直入射光波在非均匀等离子体中的碰撞阻尼) 
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IV.2 Collisional damping of a laser wave normally incident on a 
nonuniform plasma (垂直入射光波在非均匀等离子体中的碰撞阻尼) 
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IV.3 Collisional damping of a laser wave 
obliquely incident on a nonuniform plasma  
(斜入射光波在非均匀等离子体中的碰撞阻尼) 
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IV.3 Collisional damping of a laser wave obliquely incident on a 
nonuniform plasma (斜入射光波在非均匀等离子体中的碰撞阻尼) 
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IV.3 Collisional damping of a laser wave obliquely incident on a 
nonuniform plasma (斜入射光波在非均匀等离子体中的碰撞阻尼) 
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IV.3 Collisional damping of a laser wave obliquely incident on a 
nonuniform plasma (斜入射光波在非均匀等离子体中的碰撞阻尼) 
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IV.3 Collisional damping of a laser wave obliquely incident on a 
nonuniform plasma (斜入射光波在非均匀等离子体中的碰撞阻尼) 

逆韧致吸收： 
•  随温度（功率密度）升高而减少， 
•  随激光波长减小而增加， 
•  随入射角增大而减小。 
 （50°以下吸收系数基本不变） 



IV.4 Nonlinear Inverse Bremsstrahlung 
absorption 

(非线性逆韧致吸收) 



IV.4 Nonlinear Inverse Bremsstrahlung absorption  
(非线性逆韧致吸收) 

4.4  䴲㒓ᗻ䗚䔿㟈਌ᬊˉ䗚䔿㟈਌ᬊⱘ䴲㒓ᗻޣᇣ

• ೼ࠡ䴶ⱘ䅼䆎䅼䆎Ёˈ៥Ӏ؛䆒⬉ᄤⱘ䗳ᑺߚᏗᰃ
MaxwellߚᏗˈेᅗᰃ⬅⬉ᄤ⏽ᑺއᅮⱘǄ೼䕤ᇘഎ

ϡᰒ㨫⸈ണ⬉ᄤ䗳ᑺߚᏗⱘ෎⸔Ϟ䅵ㅫњ䗚䔿㟈਌
ᬊ㋏᭄ˈ䖭ᅲ䰙Ϟᰃ㒓ᗻ䗚䔿㟈਌ᬊǄ

•ᔧ▔ܝᔎᑺ䎇໳催ᯊˈ⬉ᄤⱘᤃ㤵䗳ᑺӮ䍙䖛⬉ᄤ
ⱘ⛁䗳ᑺˈ䖭ᯊⱘ⬉ᄤ䗳ᑺߚᏗህӮ੠▔ܝ⬉എ᳝
݇ˈব៤䴲㒓ᗻ䗚䔿㟈਌ᬊǄ

vos =
eEL

meω
= 25.6λL (µm) ⋅[IL (W / cm2 )]1/2 > vte



IV.4 Nonlinear Inverse Bremsstrahlung absorption  
(非线性逆韧致吸收) 
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IV.4 Nonlinear Inverse Bremsstrahlung absorption  
(非线性逆韧致吸收) 

ᇍѢ催ᔎᑺ▔ܝˈ᳝ϸ⾡䴲㒓ᗻᬜᑨৃ㛑ޣᇥ䗚䔿㟈਌ᬊ
㋏᭄Ǆ

¾ ᇍѢ催ᔎᑺ▔ܝˈ䳔㽕㗗㰥⬉ᄤ೼Ⳍᑆ⬉എЁⱘⳌᑆᤃ㤵ˈ⬉ᄤˉ
⾏ᄤ⺄ᩲ乥⥛䳔㽕ׂℷˈ⬉ᄤϡ݌᳝݋ݡൟⱘMaxwellߚᏗˈ݊ഛᮍ

䗳ᑺׂℷЎ

2 2 2( ) ( )Le eff e
L

eEv v
mZ

 �

2)(
2
31

eL

L

i

vm
eE
k

Z
�

2 3/ 2
3/ 2 2 3/ 2

2

( )[( ) ] 31 ( )
2

e
i e e eff

L

L e

vk T v eE
m vZ

�
� �v v |

�

2/123

422/1

)(
ln)2(

3
4

ee

ii
ei mkT

neZ /SQ ˙

cr

ei

crg

eipe
i

n
nc

v
n
n

v
vk

�
  

1
2

2

Z
Z



IV.4 Nonlinear Inverse Bremsstrahlung absorption  
(非线性逆韧致吸收) 

vos =
eEL

meω
= 25.6λL (µm) ⋅[IL (W / cm2 )]1/2 >> vte当 时 

用 mevos
2 =

e2EL
2

meω
2 →mevte

2

非线性吸收逆韧致吸收系数 
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IV.4 Nonlinear Inverse Bremsstrahlung absorption  
(非线性逆韧致吸收) 
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2 / vte

2 ) = = 3.6×10−2ZILλL
2

Q>10 非线性逆韧致吸收减少到一半； 
Q<0.1 非线性逆韧致吸收可以忽略 
0.1<Q<10 非线性修正因子从1到0.5 



IV.4 Nonlinear Inverse Bremsstrahlung absorption  
(非线性逆韧致吸收) 
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