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Abstract

We have developed a novel method to measure the gain of a free electron laser (FEL) using the method used for
modulation spectroscopy. The number of FEL amplifications is periodically and repeatedly varied by varying the number
of electron bunches so that the number electron bunches is varied using the grid pulser for the thermionic electron gun.
Because the intensity of the FEL grows from spontaneous radiation to saturation by eight orders of magnitude or higher,
we use a silicon (Si) bolometer, which measures the macropulse energy of the FEL and shows a linear response over this
large intensity range. Macropulse energies at number of amplifications of n, n — 3, and n — 6, n — 3 are repeatedly
measured and variations of the measured macropulse energy is analyzed using the Fourier transformation to derive the
power and the gain of the FEL as well as their variations in the lasing process. In the high power mode of the THz-FEL,
the gain variation is measured from the onset of lasing to power saturation and the maximum gain reaches ~200%.
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Figure 1: Macropulse energy measured to derive FEL
gain using the modulation method (a) and its Fourier
transformation (b). The number of FEL amplifications
is repeatedly and periodically changed from n through
n—3 to n— 6 atintervals of 3, and then reversely to
the initial value to n, at a repetition frequency of 5 Hz.
The peak at 0 Hz corresponds to a, the peaks at 1.75
and 3.75 correspond to b, the peak at 2.5 Hzto c in Eq.

(1).
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Figure 2: Results of analysis. The macropulse energy (a), the micropulse energy (b), and FEL gain as a function of the
electron beam length or equivalently the number of FEL amplifications (c).
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