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Free Electron Laser (FEL)
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Classical Laser

PHYSICAL REVIEW A VOLUME 5, NUMBER 3 MARCH 1972

Classical Laser™

Matthew BorensteinT and Willis E. Lamb, Jr.

Yale University, New Haven, Connecticut 06520
(Received 26 July 1971)

In this paper a completely classical model for laser action is discussed. An active medium
consisting of classical anharmonic oscillators interacts with a classical electromagnetic field
in a resonant cavity. Comparison with the case of a medium consisting of harmonic oscillators
shows the significance of nonlinearities for producing self-sustained oscillations in the radia-
tion field. The results for the classical model are found to be similar to those for a semi-
classical model of the ammonia-beam maser. The conclusion is that laser action is not in-
trinsically a quantum-mechanical effect., The classical-laser theory as given in this paper
can also be applied to the case of the electron-cyclotron maser,
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VOLUME 37, NUMBER 20 PHYSICAL REVIEW LETTERS 15 NOVEMBER 1976

The following Letter should have appeared in the 1 November 1976 issue, We re-

gret that a misunderstanding resulted in publication of reference material instead
of the submitted manuscript. See Erratum, this issue, page 1368.

Strong-Signal Theory of a Free-Electron Laser*

F. A. Hopf, P. Meystre, M. O. Scully
Department of Physics and Optical Sciences Center, Univevsity of Avizona, Tucson, Avizona 85721

and

W. H. Louisell

Depaviment of Physics, University of Southeyn California, Los Angeles, Califovnia 90007
(Received 13 August 1976)

The strong-signal regime of a free-electron laser is analyzed in terms of a set of
“generalized Bloch equations.” We show that for current free-electron-laser configura-
tions the saturation will be reached for a field on the order of 10" V/m, with an efficien-
cy at saturation of 5x 1073, However, a strong reshaping of the electron distribution
may alter the efficiency of free-electron lasers in cases where the electron beam is re-
cycled from one shot to the next.



VOLUME 37, NUMBER 20 PHYSICAL REVIEW LETTERS 15 NOVEMBER 1970

CLASSICAL THEORY OF A FREE-ELECTRON
LASER. F. A. Hopf, P. Meystre, M. O. Scully,
and W. H. Louisell [Phys. Rev. Lett. 37, 1215
(1976) ).

This paper was printed as a result of a misun-
derstanding, and duplicates material published
elsewhere. Persons wishing to refer to it should
cite the original publication, Opt. Commun. 18,
413 (1976), and not this journal.
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Semiclassical laser theory (Lamb)
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Semiclassical laser theory
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Classical theory of FEL
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Synchrotron radiation: emission angle
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Emitted radiation: wavelength
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FEL: classical theory
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Reduction to 1-D problem
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Ponderomotive potential
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Bambini-Renieri frame: kp = bw =k

Aw - A, ~ exp [—i(u.;L — Lﬂ.ﬁ.,.-')f -+ i( k1 + km.-')::,}

n?' .1.-{.:,-
Aw - Ap ~ e‘”l“

2
f i
. . _—
H = mdc? \/1 4 ( g ) + Ae2ikz 4 ¢ c.
me

2

Pl
2m

H =

—+ Aezm + C.cC.



Bunching
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FEL: Hamiltonian and states
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Momentum states: Bambini-Renieri Frame
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Dynamics
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Dynamics: Raman-Nath equations
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Transition to Quantum FEL
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Quantum regime: Effective two-level behavior
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QFEL: Two-level dynamics

QFEL
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QFEL: Probability distribution for the electrons
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Phase-shift compared to classical potential




Atomic laser: Scully — Lamb (1967)

Single mode electric field
(simple harmonic oscillator)
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Density operator: Dynamics
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Quantum theory of amplification
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Coarse-grained dynamics
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FEL: quantum theory




Comparison: laser versus FEL
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FEL: gain (small signal)

d
E < n = (R_ — R_|_) < n > +R_|_
. |
galn
IR
R_ — ~
N i Op
|




QFEL: Experimental parameters

vAc yZhc  _
* Quantum FEL requires p < 0. BW) andAE < m AEax
a 0.2*
y 70 For helical laser wiggler with wavelength
A :
Ay = = we find
/\’W Uz Hm v 2 1 1 1/3 Awao 23 1
Ao 0.3 P = E(a) ( 20 ) [ ]
AL 44.5 pm
p 1.06-10~* with the Alfven current I, = 17.045 KA,
(L) 4.86 - 106 ﬂ electron current I and electron rms beam size
To2) - ' cm? o and
. 1017 2 _ w
Iy  1.95-10""W/cm ay = 0.85 - 1071, [um] /10 || 121
AEmax LS e with the laser intensity [,
Ly, 600 um
Aw 7.4-1078

w
[1] M. Xie, Proceedings of the Particle Accelerator Conference, Dallas 1995, p. 183

[2] A.D. Debus et al., Appl. Phys. B (2010) 100, p.61
*l.e. p=0.14
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