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Fig. 3. (a) A typical x-ray spectrum for self-triggered events which provides
high-statistics energy-calibration information. (b)(c) Measured x-ray spectra for
stopped-K− events obtained from the runs in October 2005 (cycle 1) and December
2005 (cycle 2) respectively. A fit line is also shown for each spectrum, along with in-
dividual functions of the fit. The fit residuals are shown under each spectrum, with
thin lines denoting the ±2σ values of the data, where σ is the standard deviation
due to the counting statistics.
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The energy-dependent experimental energy resolution is employed as is usually

the case for silicon detectors: ∆E(FWHM) = 2.35ω
√

W 2
N + FE/ω, where WN

denotes the contribution of noise to the resolution (independent of the x-ray
energy), E is the x-ray energy, F is the Fano factor (≈ 0.12 for silicon), and
ω is the average energy for electron-hole creation in silicon. Here, ω is fixed
to be 3.81 eV, and F and WN were introduced as free fit-parameters for the
self-triggered-event spectra.

We also have waveform data available from flash ADCs (FADCs), which were
accumulated as well as ordinary comparator-type pulse-height ADC data,
though the FADC data is available only for about half of cycle 1. Using the
waveform analysis, it is shown that there is a non-negligible pileup effect due
to the high-rate beam condition of E570. The spectral function attributed
to the pileup events could be estimated as a Gaussian on the right flank of
the main-peak function (called the “pileup Gaussian”). This pileup Gaussian
was taken into account in the spectral fitting. Intensity ratios between the
pileup Gaussian and the main-peak function were estimated by the fits of
high-statistics self-triggered-event spectra. The obtained intensity ratios were
then fixed in the fits of the kaon coincidence x-ray spectrum.

There are many empirical investigations of the response function of silicon
detectors using monoenergetic x-rays (e.g. [14,15]), and it is known that there
is an exponential-like feature decreasing steeply in intensity towards lower
energy on the left flank of the main-peak function (called the “tail function”)
[15]. Intensity ratios between the tail function and the main-peak function
for titanium and nickel Kα peaks were estimated by the fits of high-statistics
self-triggered-event spectra. Tail intensities of the kaonic-helium x-ray peaks
were estimated from the intensity ratios obtained from the titanium and nickel
peaks.

Because of the large incoherent (Compton) total scattering cross section of
liquid helium-4 (∼ 1 barn/Atom at photon energies of interest at ∼10 keV),
low-energy tail structure due to the Compton scattering must be taken into
account (called the “Compton tail function”) separately from the tail of the
response function. The function and its intensities for each transition were
determined by fitting the simulated energy spectra smeared with a Gaussian
resolution function. The function used is the same as the tail function men-
tioned above. The x-ray spectra were simulated with GEANT code using the
Low Energy Compton Scattering (LECS) package [16] with a realistic setup
of E570 and a obtained stopped-K− distribution.

Resulting fit-lines are overlaid on the x-ray spectra shown in Fig. 3 (b) and
(c) with each contribution: main Voigtian, pileup Gaussian, tail function, and
Compton tail function. The fit residuals are also shown under each spectrum,
with thin lines denoting the ±2σ values of the data, where σ is the standard

7


