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What is the Electro-Magnetic wave Amplifiers?




#! Electro-Magnetic (EM) wave Amplifiers

»Scheme of EM wave amplifier is same from microwave region to X-ray region.
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Energy exchange between electron beam and EM-wave.

>1f the dectric field component [N=EATEI1Ne B - ARy

F(z) is field amplitude in z-direction and T (x,y) is transverse field distribution.

#tThe amplification gain (Q) is,
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Amplification Models

“How doesthe electron seethe EM -wave’ ?




#2How does the Electron see the Electromagnetic wave?

— k2
>Form of the electron wave function: (ﬂn(r)—?e’ - (3)

k. the electron wave number at n-th level .
[ : the coherent length of electron wave “electron size”.
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CLEO/QELS Conf. San Jose, CA, USA, May. 2008.
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#*M odels of amplification gain analysis:

1- Coherent Electron Wave M odd (I>>A)
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B- Quantum mechanical trend.

2- Localized Electron Model (I<<A)
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Electron wave size (/) < A, electronsdensity modulation is shown.




First Model
“Coherent Electron Wave Model”




#! 1- Physical interpretation of amplification

#1T he electron transits basing on the rules of:

Optical
* b absor ption

Optlcal

E;istheelectron energy at level i (i=a or b or ¢).
k; isthe electron wave number at level i.

o isemitted EM-wave frequency.

B is EM-wave propagtion constant

2T he condition of amplification Y.
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£ 2- Gain coefficient in CEW-M od€d

» By sometools of statistical guantum mechanics,
— 1 2
g |6, [T(x, y)e | g, ) > (4)

#tFinally, the expression of amplification gain in CEW-M odel
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v, is electron velocity influenced by applied voltage V.
Von=C/N 5 1s EM-wave phase velocity.
J, is average electron beam current density and ¢ is electron relaxiation time.

® D is the dispersion function controlling the gain profile,
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#t Gain behavior with frequency variation in CEW-M odel.

" Thegain peak is affected by saturation of the dispersion function.
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Variation of gain peak with EM frequency Saturation of dispersion function to 1.




Second Model
“Localized Electron Model”




# 1. Physical interpretation of amplification
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One synchronize wave modulates the electron velocity to start the amplification.




L 2- Gain coefficient in L E-M odel

» From the guantum mechanics point of view,

VBN BEYG) (Total wave function)
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#t Gain behavior with frequency in Localized Electron M odel

#Thegain increasesinfinitely with frequency, thermal effect limitsthisbehavior.
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Thermal Effect on the
Amplification Gain




#1Real gain with thermal effect “velocity broadening around the average value’

gmv,, )= _Eo Jo,,v) 8vy,v,, ) dv, — (1)

fv,,v)|isthe normalized Maxwell-Boltzmann distribution function.
Wher e, m
Pk, T

V,,v)= ° — ex,
o2 27K, T

v is the average electron velocity and v b is the real electron velocity.

Kp isthe Boltzmann constant and T is the absolute temperature.

|llustration of thermal distribution function.




#t The effect of thermal velocity broadening on gain amplification.

g(‘j)vem )= _[: f(vb)‘_’) g(vb)vem ) dvb

#tThe boundary between two modelswithin THz region.
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Variation of the peak values of gain coefficient with EM frequency by the CEW-
Model and the LE-M odel for several temperatures.



 The effect of electron size on the gain amplification

#t Thethermal effect gives same gain peaksfor different coherence length.
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Gain with different assumed coherence length at different temperature.



Experimental Evidences
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Comparison of the emission profile with theoretical Calculation
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