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Fig. 1 A photograph of the detector and the power supply.
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Fig. 2 A photograph showing the measurement and detection conditions around a target of an in-air
measurement system.
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Fig. 3 Fluctuation of the peak position as a function of the elapsed time after switching on the power.
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Fig. 4 Variation in the energy resolution after switching on the power.
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Figs. 5 The X-ray spectra at low energies obtained by irradiating a soil sample with a 2.45-MeV proton beam
with many Rutherford-scattered protons injected into the detector. The time constant of amplifier was set
at 6 psec (a) and 1 usec (b), respectively.
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Fig. 6 The spectra obtained from measuring a dust with an SDD with no absorber or cap used.
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Fig. 7 Effect of a cap at the tip of a detector on the spectra obtained with a Si(Li) detector in in-air PIXE
system.
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Fig.8 The spectrum obtained from measuring “BCR City-Waste-Incineration ash”, where a 300-um-thick Mylar
was used as an X-ray absorber.
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Table 1 Chemical compounds and standard solutions used to determine the detection efficiencies.
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Chemical .
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compounds g 2 MgCl: ( . g )
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without absorber
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Fig. 9 The spectra obtained from measuring SPEX XSTC-13 with and without an X-ray absorber, where the two
spectra were normalized with the peak yields of Se-Ka.

TR -yl R

i8.8
X-RAY ENERGY IN keV

Fig. 10 Experimentally determined efficiency curve of the SDD.
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Fig. 11 Spectra obtained from measuring “GBW Tibet Soil” without an X-ray absorber.
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Fig. 12 The spectrum obtained from irradiating “BCR City-Waste-Incineration ash” with a proton
beam without an X-ray absorber.
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Fig. 13 The results of the analysis of “GBW Tibet Soil”, with the results compared to the certified values.
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Fig. 14 The results of the analysis of “BCR City Incineration Waste Ash” with the results compared to the
certified values.

124



NMCC 23 2016

EERE CEEEOH 2B LEOMEEMA G52 5N TNE L ONRDRN ), BT R/LX—HEHKIZE
D EREEOHKRIZEREBOOIICERD Z L & Lz, Fig. 15 121X, HER D2 £ G4 2 Fikk
DAY MRS, HHIZE 300 pm Mylar I Z W TH O AT FL & RINKRZ: LT
DAY MR, FeRPOWNETHMBE LI NI N TNE, BHED AT M2k, Mg-Kat —
7 SRR STV D,

" without an absorber ' ' ' '
woo00f = ||, 0
10000
2 1000
[
© Rt R I e e o N o e e o
e
O
E 100
c
e S | I . B A | e ¥ L I T 1
3
10 |
i |
LIRL LR J’|4r :
] ‘ Il ‘| ) r |
I
4 g w w g 5 || ||||||‘||H|||h||||||
0 80 160 240 320 400 480

Channel Number

Fig. 15 Spectra obtained from measuring a practical dust sample with and without an X-ray absorber, where the

two spectra were normalized with the peak yields of Fe-KB.
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Fig. 16 The results of the analysis of a practical dust sample with the results compared to those obtained by
in-vacuum PIXE.
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Fig. 17 Spectra obtained from measuring rat serum without an X-ray absorber, with the spectrum obtained
by an in-vacuum system also shown, where the two spectra were normalized with the peak yields of
In-Ka, which was added to the sample as an internal-standard element.
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Fig. 18 The results of the analysis of rat serum, with the results compared to those obtained from an
in-vacuum PIXE.
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Fig. 19 The spectrum obtained by irradiating an oil standard (CONOSTAN S-12) with a proton beam in
in-air PIXE, with 300 pm-thick Mylar was used as an X-ray absorber.
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Fig. 20 The results of the analysis of an S-12 standard oil sample with an SDD with the elemental
concentrations shown as the ratio relative to the certified values.
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Figs. 21 Comparison of the yields of the tail function measured with a Si(Li) (in vacuum: a) and an SDD

detectors (in-air: b).
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Use of a silicon drift detector (SDD)
in the quantitative analysis of in-air PIXE
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Abstract

In the present study, we used a silicon drift detector (SDD) for the quantitative
analysis of in-air PIXE. First, we examined the basic performances of the detector. We
found that the shift of the peak position was less than 0.45 eV, and the energy resolution
was 130-136 eV at 5.98 keV. We then used the SDD for a quantitative analysis. Physical
parameters, such as the X-ray production cross sections, values of the transmission of
X-rays through absorbers and the detection efficiencies, which are required for
quantification, were obtained theoretically and experimentally. We confirmed that many
elements, from magnesium to barium, were able to be detected without using any special
device. The results of the quantitative analyses of a few standard materials showed good
agreement with the certified values. This method was also used to analyze practical
samples, including bio-medical samples, and the results were in good agreement with the
results obtained with in-vacuum PIXE.
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