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Novel X-ray Source Based on a Tabletop Synchrotron and its Unique Features

Hironari YAMADA
Ritsumeikan University

Abstract
The novel x-ray source named MIRRORCLE is based on a tabletop normal conducting synchrotron using a collision of
circulating electron beam with a tiny target. It is demonstrated that the brightness is comparable to SR, its source point
size can be a nano scale, the spectrum is very flat and dominated by hard compornents, and it is highly coherent. MIR-
RORCLE is useful for medical and industrial applications since this is tabletop and its electron energy can be less than 8
MeV which supresses neutron generation. The mechanism for brilliant hard x-ray production, design concept of the
smallset synchrotron, novel beam injection scheme, the observed features of the x-ray beam, and some applications are

descrived.
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Figure 1.
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Tabletop synchrotron named MIRRORCLE-20
The out diameter of the ring is 1.2 m. Perturbator pulse compression system is seen on the top of the ring. In the left hand
side, the acrylic irradiation chamber is seen. The beam is injected from the bottom through a quadrupole doublet.
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Machine parameters Case 1 Case 2
e-Energy [MeV ] 20 20
Orbit radius [m] 0.15 0.15
SR loss/turn, electron [eV] 9.44E-02| 9.44E—-02
target shape C-wire W-wire
Particle density [ /m3] 1.13E+29| 6.25E+28
Atomic number 6 74
Cross section [m?] 9.7272E — 30 |1.2854E — 27
Target thickness/turn [m] 1.00E—04| 1.00E—03
Target width 1.00E—03| 1.00E—-05
Total photon flux/A, 0.1%band 1.04E+13| 7.63E+15
Photon flux/mrad, A, 0.1%band 1.37E+12| 1.00E+15
Radiation loss/electron [eV] 3.42E+03| 2.51E+06
Beam loss rate by Brem. [/sec] 2.03E+04| 1.25E+05
Beam loss rate by nuclear Scat'[/sec] 4A0E+05| 3.29E+06
Injection rate (Hz) 100.00 100.00
Injector macro pear current (A) 0.05 0.05
Efficiency*Effective pulse width 6.00E—08| 6.00E—08
Circulating max. current (A) 2.81E-03| 3.86E—04
]1;/;;11)((1 photon flux/mrad, curr., 0.1% 1.02E+09| 1.03E+09
Brilliance 1.071E+09| 1.078E+11
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Figure 2. Shift of the tune during the beam injection. Phase plots
at the injection points show the 2/3 resonance when the perturbator
is excited as seen in a and b. The resonance disappears when the per-
turbator is less than 60% as seen in ¢ and d.
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Cavity

Figure 3. Configuration of MIRRORCLE-20 inside vacuum
chamber and the injection beam trajectory. The left shows the injec-
tion trajectory without perturbator, in which the beam escapes. The
right shows the one with perturbator, in which the beam is captured.
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Figure 4. The circulating beam observed by a screen monitor made
of 5 um Al foil. We are moving the screen monitor toward the ring
center. Because the energy loss in the thin foil is small, the beam cir-
culates contentiously. Without perturbator the localized beam at the
injection point and the center are seen in the left column. Very bright
beam spots appear when the beam is captured by the perturbator as
seen in the right column.
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Figure 5. The lifetime of the beam is observed by a photo multipli-

er with an oscilloscope. The lifetime depends on the target material
and structure. This is the case for 5 um Al foil. With heavy material
targets the lifetimes are shorter, and without target, it must be much
longer.
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Figure 6. Target size dependences of the x-ray intensity from MIR-
RORCLE-20. The x-ray intensity is measured with photo multiplier
with 1 sec time constant. It is seen that the smaller or thinner target
gives higher intensity. This result is quite consistent with the
proposed x-ray emission mechanism by Yamada.
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Figure 7. X-ray spectrum measured by 3"¢ Nal. The
bremsstrhlung is featured by the flat spectrum up to the electron
energy. Since pile up of photons cannot however be rejected
although we have extremely decreased the beam current, the spec-
trum could be shifted toward higher energy.
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Images of Pb chart is taken by MIRRORCLE x-ray beam. FUJI-RXU film and intensifier; GRENEX-HR-8)

is used. Target of 1 mme¢ Al is used. (a) Contact image. The distance from the source point is 1200 mm, (b) Magnified im-
age. The distance of the sample Pb chart from the source point was 700 mm, and that from the film was 500 m. The space
resolution obtained by the line and space was 130 um for the contact and 200 um for the magnified.
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Figure 9. Inside image of thyratron taken by MIRRORCLE. The
target of 0.1 mme¢ lead was used. Less than 0.1 mm thick fine fila-
ment in a thick metal case is seen.
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Figure 10. The edges of materials are seen by the interference due
to very high coherence of MIRRORCLE x-ray beam. It is shown
that the degree of the interference depends on the material thick ness
as well as the atomic number.
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Figure 11. X-ray image of 30 mm long body butterfly. Soft tissue
is imaged by the interference.
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