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Development of an avalanche photodiode X- ray
detector with subnanosecond time resolution

Shunji Kishimoto

Photon Factory, National Laboratory for High Energy Physics

An avalanche photodiode (APD) detector has been developed for X~ ray timing measurements. The

performance of the APD detector was investigated with synchrotron X - ray beams in multi- and single -

bunch runs at the Photon Factory Ring. A time resolution of 0.23 ns (FWHM) and a peak- to -

background ratio of more than 10" were obtained from 14.4keV X - rays in a time spectrum. The intrinsic

efficiency and the counting - rate capability were also measured. As an application with a high time

resolution, time spectra of quantum beats in nuclear resonance of “Fe were observed.
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Fig. 1 The electronic system for timing measurements with the avalanche

photodiode detector.
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Fig. 2 Structure of an avalanche photodiode
device (Hamamatsu S2384).
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Fig. 3 Waveform of the APD detector output from the
fast amplifier. The energy of the incident X-rays
was 14.4keV and the applied reverse bias
voltage was 130V.
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Fig. 4 Time spectra of 14.4- keV X-ray beams at a single bunch run of the
Photon Factory Ring, given by (a) a linear scale and (b) a logalithmic
scale, in the vertical axis of the figure. The broken curve is the peak at a
main RF bucket, fitted by the Gaussian distribution. The width (FWHM)
was 0.28 ns and the detector resolution subtracted the bunch width was
0.23 ns. The shaded area indicates a tail part after the peak.
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Fig. 5 Variation of the observed rates with the APD detector as a function of
the true rates obtained from the data with a Nal (Tl) counter and filters:
the closed circles are for 8.0keV and the open circles are for 14.4kev.
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Fig. 6 Time spectra of quantum beats in 14.4-keV nuclear resonance of *Fe,0,
(777) reflection measured with the APD detector: (a) the range of 100ns
after the prompt peak and (b) the first 16 ns. The broken curve is the
peak of non- nuclear components, fitted by the Gaussian distribution.
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