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Abstract

In a free-electron laser oscillator, when the electron bunch length, slippage length, gain, optical cavity loss and detuning
length satisfy certain conditions, ultra-short pulses containing only a few cycles of the optical electric field are generated.
Such lasing is explained by superradiance FEL. Superradiance was first theoretically derived by Robert Dicke in the
context of the transition of atoms or molecules in a two-level system, and later experimentally confirmed. The
superradiance in FEL was theoretically studied by Rodolf Bonifacio et al. and many experiments have been conducted.
In the present study, we review the principle of superradiance in a two-level system and a FEL and discuss the similarities

and differences between them.
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Figure 1: (left) Spontancous emission in a two-level
system isolated from other emitters, and (right)
superaradiance in a two-level system consisting of two
emitters whose separation is less than the wavelength of
the light. Transition probability (y) is doubled in the right
figure.
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Figure 2: Temporal profiles of the spontaneous emission

and the superradiance from a two-level system with the

number of emitters, N=20.

Dicke D/RULTCHEIR THD, FELWEHAZIT A, /X
NVADE—ZERNAZ BT, 7OV 2O RREE AN /NIZ
e D2 EREILB[5],

Dicke DX Tld, 2b—L Mt D5
B3 RS e N AR E D Z & A BT I
THERL RS A e — L U NRR R (BB S M A RR T
7RV B AL —RL, BRI ERRMRE AL | )
W Z1THOB SR b Y T a8 A & XA Tt
(superfluorescence) S5 5 G0 H DM, T2 T, M
Z KBTS OFE CIRESZ EI2 5,

ZEoTER

(]
[=]
[=3

intensity(a.u,)

(=] o — = - —
w ~ (=] N w ~
o w 1= v 3 v

o
[¥]
w

0.00

00 25 50 75 100 125 150 175 20.0
normalized time
Figure 3: Calculated temporal profile of superradiance

from a spatially extended medium and the optical Bloch
sphere used for the calculation.
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Figure 4: Temporal profile of a superradiance FEL pulse

simulated for the KU-FEL experiment, in which 5%
extraction efficiency was demonstrated.
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