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Absolute Measurements of Soft X-rays
using Multiple Ionization of Rare Gas Atoms

Isao H. SUZUKI and Norio SAITO

Quantum Radiation Division, Electrotechnical Laboratory

Several techniques have been investigated as methods for the measurement of absolute intensities of soft

X-rays in the region of 50 eV to 1,100 V. Among them the technique using a double ion chamber has been

adopted here, which needs an index constant on multiple photoionization of rare gas atoms. This constant,
called y-value, indicates the average number of electrons emitted from an atom having absorbed a photon.
The y-values were measured using monochromatized synchrotron radiation and a time-of-flight mass spec-

trometer. The detail of multiple photoionization phenomena of rare gas atoms has been parily persued us-

‘ing partial ion yield spectra and coincidence spectra consisting of an energy-selected electron and a charge-
specified ion. The double ion chamber has been made, which is cylindrical and 1.3 m long. The
monochromatized synchrotron radiation enters the chamber at a position off the central axis and the
produced ions are collected with electrodes on the opposite side to the photon entrance. The performance
tests showed ion saturation curves with high quality. In order to suppress higher order radiation, the elec-
tron storage ring was operated at energies lower than the normal operation. The obtained photon intensity
ranges from 107 photons s~! to 1019 photons s~ at the aperture of 1 mm¢ with the ring current of 100 mA..
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The estimated uncertainty is about 4.5%-10% depending on the intensity and the spectral purity.
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Figure 1.

Schematic diagram of a proportional counter for soft X-
rays. .
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Figure 2. Schematic diagram of a double ion chamber.
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Figure 4. Schematic diagram of the measurement system for
yields of multi-charged ions. See text about MCP, TAC, MCA, and
Comp.
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Figure 5. An example of time-of-flight spectra of Xe ions. Photon
energy is 145¢eV.
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threshold energies for the inner-shell ionization or the multi-
charged ion production.
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Table 1. Probability ratios of double valence ionization to the single valence ionization and of double Auger transition to the normal Auger
transition in rare gas atoms
Atom Transition ETL Exp.k - Cle =
group a b c d e f g h i
Ne valence 0.16 0.09 0.15 — — — 0.15 0.13 0.044 - —
Auger 0.06 — — . — e — Lo -— 0.04
Ar valence 0.21 0.18 0.19 — -— — 0.19 — 0.035 L
Auger 0.11 - — - — — — —— — 0.008 —
Kr valence 0.22 0.55 0.19 - 0.59 . — e — 0.033 R -
Auger 0.38 — 0.36 — 0.34 0.33 — — — 0.012 —
Xe valence 0.44 — 0.60 0.46 — — — — 10.031 —= -
Auger 025 — 0.22 — — 0.21 —_ — — 0.003 —

a: Holland et al. [Ref. 30] b: van der Wiel et al. [Refs. 31, 32] c: Adam [Ref. 33] d: Murakami et al. [Ref. 34]
e: Becker et al. [Ref. 35] f: Carter et al. [Ref. 36] g: Chang et al. [Ref. 37] h: Carlson et al. [Ref. 38]

i: Kochur et al. [Refs. 39, 40] j: Amusia et al. [Ref. 417.
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Figure 7. Coincidence apparatus using a spherical mirror electron
analyzer and a time-of-flight mass spectrometer. G, to Gy and Gycp
denote electrodes of mesh.
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Table 2. Probability ratios of double Auger transitions to the nor-
mal Auger transitions in rare gas atoms

© " Previous work

c od e f

Present
work A

Initial
“hole state

Atom

o4d,, 022 021
Xe  4dy, 0.32 028

-4 026 025 021 022 0.003
T o
Kr - 3dy, 0 0370 e i
3d 036 038 033 036 034 0012
o 2pyy 01 .
Ar - 2p1/2' s :, 0.10 : : i ] o o
2p 0 0L el 0 - 0.008

a: Kdmmerling et al. [Ref. 45]

b: Saito and Suzuki. [Ref. 29]

c: Becker et al. [Ref. 35]

d: El-Sherbini and van der Wiel. [Ref. 32]
e: Murakami et al. [Ref. 34]

f: Kochur et al. [Refs. 39, 40]
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Figure 10. Photoion currents as a function of the voltage applied
to the electrodes in the ion chamber. Data marks of sold squares,
solid circles, open up-triangles, and open down-triangles indicate
the currents at the electrodes of the second, the third, the forth, and
the fifth, respectively.
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Figure 11. Photoion currents of the electrodes as a function of Ar
gas pressure. Data marks of open triangles, open squares, and open
circles denote the currents at the electrodes of the third, the forth,
and the fifth, respectively.
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Figure 12. Apparent photon intensity as a function of the Ar gas
pressure. Data marks of solid circles, open triangles, open squares,
and solid triangles denote the results at photon energies of 900 eV,
600 eV, 200 eV, and 70 eV, respectively.
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Figure 13. Absolute fluence rates of monochromatic soft X-rays
as a function of soft X-ray energy. The digits and symbols added to
data marks denote electron energies of the storage ring and the
material of used filters. The ring electron current is normalized to
100 mA.
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