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Fig. 6. Typical ADC spectra recorded in the self-trigger data. Titanium Kα x-rays
(energy=4.511 keV for Kα1) and nickel Kα x-rays (energy=7.478 keV for Kα1) were
clearly observed.

Time-dependent gain drifts and energy resolutions of all SDDs as a function of
the run-packing number are shown in Fig. 7 (run-packing number corresponds
to time). The top panels show a converted energy of the ADC channel 2000,
which locates between the two calibration peaks. Although non-negligible gain
jumps were occurred in some SDDs, they were acceptable and corrected accu-
rately. The bottom panels show an energy resolution at titanium Kα1 position.
Averaged energy resolutions of each SDD were confirmed with taking these
time dependence into account, and SDD-by-SDD parameters of the energy-
dependent resolution function,

∆E(FWHM) = 2.35 ω
√

W 2
N + FE/ω, (1)

were determined, where WN denotes the constant contribution of white noise
to the resolution, E is the x-ray energy, F is the Fano factor (≈ 0.12 for silicon)
and ω is the average energy for electron-hole pair creation in silicon. Here, ω
was fixed to be 3.81 eV, and F and WN were introduced as free fit-parameters
for titanium and nickel calibration peaks.

Figure 8 shows calibrated x-ray spectra summed over all SDDs according
to cycle. The average energy resolutions were FWHM 193 ± 2 eV for cycle
1 and FWHM 185 ± 1 eV for cycle 2 at kaonic-helium Lα x-ray position,
respectively. These resolution functions and their parameters were used to fit
energy calibrated spectra of kaon-trigger data.
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Fig. 7. Time-dependent gain drifts and energy resolutions of all SDDs as a function
of the run-packing number. The top panels show converted energies of the ADC
channel 2000, which locates between the two calibration peaks. The bottom panels
show energy resolutions at titanium Kα1 position.

pion induced x-ray energies and Cu contamination

3.3 Obtained x-ray spectra and fit functions

After applying the event selections described above and calibrating the en-
ergy scale, we obtained x-ray energy spectra for kaon-trigger events shown in
Fig. 9. Kaonic-helium 3d → 2p, 4d → 2p and 5d → 2p transitions are clearly
observed, while the Ti and Ni x-ray peaks are greatly suppressed. In com-
parison to the most recent measurement of the kaonic 4He spectrum [4], we
achieved ∼2 times better energy resolution, ∼3 times higher statistics, and
∼6 times better signal-to-noise ratio.

During the course of the analysis of spectra from SDDs, many fine details of
the signal and calibration pulses were found necessary to attain eV accuracy.
Here, we discuss about them and define the fit functions.
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