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ABSTRACT

Intense quasi-monochromatic x-ray irradiation from the linear plasma target is described. The plasma x-ray generator
employs a high-voltage power supply, a low-impedance coaxial transmission line, a high-voltage condenser with a
capacity of about 200 nF, a turbo-molecular pump, a thyristor pulse generator as a trigger device, and a flash x-ray tube.
The high-voltage main condenser is charged up to 55 kV by the power supply, and the electric charges in the condenser
are discharged to the tube after triggering the cathode electrode. The x-ray tube is of a demountable triode that is
connected to the turbo molecular pump with a pressure of approximately 1 mPa. As electron flows from the cathode
electrode are roughly converged to the molybdenum target by the electric field in the tube, the weakly ionized plasma,
which consists of metal ions and electrons, forms by the target evaporating. In the present work, the peak tube voltage
was almost equal to the initial charging voltage of the main condenser, and the peak current was about 20 kA with a
charging voltage of 55 kV. When the charging voltage was increased, the linear plasma x-ray source grew, and the
characteristic x-ray intensities of K-series lines increased. The quite sharp lines such as hard x-ray lasers were clearly
observed. The quasi-monochromatic radiography was performed by a new film-less computed radiography system.
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1. INTRODUCTION

Recently, we have developed several different plasma flash x-ray generators'® in order to increase the conversion
efficiency of the electrostatic energies into x-rays and to generate higher-intensity x-rays. Using these generators, we
have found irradiation of higher-intensity characteristic x-rays by forming the plasma x-ray source using rod and plate
targets, because the bremsstrahlung x-rays with energies of higher than K-absorption edge are absorbed by the plasma
and are converted into fluorescent and characteristic x-rays. In 2001, we have developed a plasma flash x-ray generator
having a new radiation tube®® for forming linear plasma and have performed tentative study on quasi-monochromatic
parallel radiography. In the linear plasma, the characteristic x-ray amplification may be performed when the
bremsstrahlung rays are absorbed effectively by the linear plasma. In addition, the K-fluorescent yield increases and
becomes to one according to increases in atomic number of target. For this research, we introduce a flash x-ray
generator utilizing a molybdenum-target radiation tube and have performed tentative experiment for generating
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higher-intensity quasi-monochromatic x-rays such as hard x-ray lasers by the new amplification method in
characteristic x-rays.

2. GENERATOR

Figure 1 shows block diagram of a high-intensity plasma flash x-ray generator. This generator employs a high-voltage
power supply, a high-voltage condenser with a capacity of about 200 nF, a turbo-molecular pump, a thyristor pulse
generator as a trigger device, and a flash x-ray tube. The high-voltage main condenser is charged up to 55 kV by the
power supply, and the electric charges in the condenser are discharged to the tube after triggering cathode electrode. The
x-ray tube is of a demountable cold-cathode triode that is connected to the turbo molecular pump with a pressure of
approximately 1 mPa. This tube consists of the following major parts: a pipe-shaped carbon cathode with a hole
diameter of 10.0 mm, a trigger electrode made from a copper wire, a stainless-steel vacuum chamber, insulators, a
polyethylene terephthalate x-ray window of 0.25 mm, and a rod molybdenum target of 3.0 mm in diameter. The space
between the anode and cathode electrodes has a value of approximately 15 mm, and the trigger electrode is set in the
cathode electrode. As electron beams from the cathode electrode are roughly converged to the target by electric field in
the tube, the plasma x-ray source, which consists of metal ions and electrons, forms by the target evaporating. If we
assume that the weakly ionized plasma thickness has a small value, the spectra from the transverse direction have a
standard distribution. Next, the bremsstrahlung spectra with photon energies of higher than K-absorption edge are
effectively absorbed and are converted into the fluorescent x-rays, and the high-intensity characteristic x-rays are
generated from the plasma-axial direction (refer to Fig. 1).
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Fig. 1: Block diagram of the high-intensity plasma Fig. 2: Tube voltage and current.
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Fig. 3: X-ray outputs at the indicated Fig. 4: Images of the x-ray source. Fig. 5: X-ray spectra from the molybdenum-plasma
conditions target with a charging voltage of 45 kV.

3. CHARACTERISTICS
3.1. Tube voltage and current

Tube voltage and current were measured by a high-voltage divider with an input impedance of 1 G2 and a current
transformer, respectively. Figure 2 shows time relation between the tube voltage and current. At the indicated charging
voltages, they roughly displayed damped oscillations. When the charging voltage was increased, both the maximum
tube voltage and current increased. At a charging voltage of 55 kV, the maximum tube voltage was almost equal to the
charging voltage of the main condenser, and the maximum tube current was about 20 kA.
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3.2. X-ray output

X-ray output pulse was detected by using a combination of a plastic scintillator and a photomultiplier (Fig. 3). The x-ray
pulse height substantially increased with corresponding increases in the charging voltage and decreased in the case
where a monochromatic molybdenum filter of 30 pm was inserted. The x-ray pulse widths were about 700 ns, and
sufficient x-ray intensities for computed radiography (CR) system’ were obtained.

3.3. X-ray source

In order to measure images of the plasma x-ray source, we employed a pinhole camera with a hole diameter of 100 pm
(Fig. 4). When the charging voltage was increased, the plasma x-ray source grew, and both spot dimension and intensity
increased. In contrast, both the dimension and intensity decreased according to insertion of the monochromatic
molybdenum filter.

3.4. X-ray spectra

X-ray spectra from the plasma source were measured by a transmission-type spectrometer® having a lithium fluoride
curved crystal of 0.5 mm in thickness. The spectra were taken by the CR system having a wide dynamic range, and
relative x-ray intensity was calculated from Dicom digital data. The characteristic x-ray intensity substantially increased
with corresponding increases in the charging voltage and decreased according to insertion of molybdenum filter. In the
digital analysis, intense molybdenum K-series characteristic x-rays such as hard x-ray lasers and K-absorption edge
were clearly observed (Fig. 5).

3.5. X-ray diffraction by slits

Although coherence is the most important factor in x-ray amplification, it is quite difficult to measure the coherence,
because the x-rays for biomedical radiography can penetrate various objects easily. Currently, since the coherent rays
are diffracted greatly by a knife edge and a knife slit, we employed two lead slits in order to measure the diffraction
power of characteristic x-rays (Fig. 6). Compared with incoherent x-rays from a hot-cathode x-ray tube, the
characteristic x-rays from the linear plasma are diffracted and diffused greatly after passing through two slits (Fig. 7).
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Fig. 6: Setup for x-ray diffraction using four slits. Fig. 7: Diffraction patterns.

4. RADIOGRAPHY
The radiography was performed by the CR system utilizing imaging plates, and the charging voltage and the distance
between the x-ray source and imaging plate were 50 kV and 1.2 m, respectively. Figure 8 shows angiograms of a heart
extracted from a dog using iodine-based microspheres of 20 um, and the fine blood vessel are clearly visible in the
enlarged angiogram.

5. DISCUSSION

In the present work, we have succeeded in generating intense characteristic x-rays such as hard x-ray lasers using the
plasma flash x-ray generator with a new radiation tube and have performed high-intensity soft radiography. In fact, we
observed quite sharp K-series lines and K-absorption edge clearly, and bremsstrahlung x-rays were not so detected in

the region of higher than K-edge.
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(a) (b)
Fig. 8: Angiogram of a heart extracted from a dog. (a) Normal image. (b) Enlarged image.

Compared with the target such as silver with a lower melting temperature, it is difficult to form molybdenum plasma at
a lower charging voltage of about 40 kV or less. In view of this situation, the current density at the target tip should be
increased as large as possible by increasing the condenser capacity and by decreasing the target diameter.
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