QUARTZ ACCELERATOR OF CHARGED PARTICLES
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Results of first experiments with piezoelectric accelerator built on quartz crystals as piezoelectric elements are
presented. Accelerating voltage in such quartz accelerator is produced at compression in vacuum of quartz crystals
along polar axis. The construction of the quartz accelerator and results of measurements the spectra of X-ray radia-
tion which is produced by electrons accelerated in such accelerator are described. Accelerating voltage in quartz

accelerator observed in the experiment is discussed.
PACS: 29.17.+w

INTRODUCTION

In recent times, a few methods of acceleration of
charged particles and production of X-rays of energy up
to tens kiloelectronvolt in miniature accelerators without
outer source of accelerating voltage were developed. For
example, X-ray radiation is produced by electrons accel-
erated in the electric field arising in vacuum due to py-
roelectric [1 - 3] and triboelectric [4] effects or in the
high-frequency field which is generated by a piezoelectric
transformer in vacuum [5 - 7]. More recently, the concept
of piezoelectric accelerator operating at compression of
piezoelectrics in vacuum was proposed and confirmed
experimentally with use of piezoelectric ceramics as pie-
zoelectric elements [8]. Here we describe our fist experi-
ments concerned to application of the most popular pie-
zoelectricsuch as quartz crystal as piezoelectric elements
in piezoelectric accelerator and generator of X-rays.

EXPERIMENT

Experiments have been performed in Belgorod Na-
tional Research University. The experimental setup is
presented in Fig. 1.

The cylindrical assembly of two piezoelectric quartz
cylinders of diameter 20 mm and high 10 mm with cup-
per high-voltage electrode is installed between copper
grounded disks of diameter 50 mm in the vacuum
chamber. The polar axis of the quartz crystals is aligned
along the cylinder’s axis. The copper high-voltage elec-
trode of height 5Smm with the maximum diameter
30 mm and the diameter of both bases 20 mm is located
between two piezoelectric quartz cylinders. The com-
pression of the assembly of two piezoelectric quartz
cylinders and high-voltage electrode was provided by
the controlled force F from the testing machine Instron
336 through the metal cylinders. The metal cylinders
passed the force from the testing machine inward the
vacuum chamber.

The spectra of the X-ray radiation were measured by
the X-ray spectrometer consisting of the semiconductor
X-ray detector Amptek CdTe 123 and digital pulse
processor PX-5.
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Fig. 1. The experimental setup.

1 — cylindrical assembly of two piezoelectric quartz
cylinders; 2 — copper grounded disks; 3 — copper
high-voltage electrode; 4 — vacuum chamber,

5 — metal cylinders of the testing machine Instron 336,
6 — semiconductor X-ray detector; 7 — maylar foil
installed in front of the entrance window of the detector

The peaking time of spectrometer was 3.2 pus in the
experiment. Energy calibration of the spectrometer was
performed using X-ray lines of **’Np source. The en-
trance window of the detector was inserted into the vac-
uum chamber and detector could register radiation from
high-voltage electrode and both cupper grounded plates.
The 100 um mylar foil was installed at the entrance
window of the detector to defend 100 um thick Be en-
trance foil of the detector at possible crash of the quartz
cylinders at compression.

Both spectra were measured at the pressure of the
residual gas in vacuum chamber 10 Torr and at maxi-
mum mechanical strength in the quartz 300 MPa.

The spectrum of the X-ray radiation measured at the
compression the assembly in the case of production of
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the positive potential at the high-voltage electrode is
presented in Fig. 2,a. The spectrum was measured dur-
ing 30 s compression from zero strength up to value 300
MPa and also for 415 seconds after fixing of the
strength. Electrons accelerated from the residual gas
toward the high-voltage electrode and produced X-rays
at hitting it. The spectrum contains twospectral peaks of
the characteristic X-rays on the background of the
bremsstrahlung. The spectral peaks of characteristic X-
rays with the energies 8.04 and 8.9 keV correspond to
K, and Ky lines of the Cu atom composing the high-
voltage electrode. The maximum energy of the
bremsstrahlung is about 30 keV. Total number of regis-
tered quanta is 287106 counts for 445 s.
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Fig. 2. The spectra of X-ray radiation measured
at the positive (a) negative (b) potential
at the high-voltage electrode

The chamber was opened and both quartz crystals
were turned over before the measurement of the second
spectrum. In this case negative potential was produced at
high-voltage electrode at compression. Electrons from the
area around of the high-voltage electrode accelerated
toward grounded cupper plates and produced X-rays hit-
ting it. The measured spectrum is shown in Fig. 2,b. It
was measured during 30s compression from zero
strength up to value 300 MPa and also for 176 s after
fixing of the strength and radiation cessation. The spec-
trum is similar to the first one but intensity of radiation is
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lower. The maximum energy of the bremsstrahlung of
about 30 keV is the same. Total number of registered
quanta is 7488 counts for 206 s.

DISCUSSION

Described here experiment demonstrated the possi-
bility for application of quartz crystals in piezoelectric
accelerator and X-ray generator. The maximum acceler-
ating voltage defines the maximum energy of acceler-
ated electrons that can be estimated as maximum energy
in the bremsstrahlung X-ray spectra. Obtained in present
experiment accelerating voltage 30 kV is in two times
less than one observed in [8] with use of ceramics pie-
zoelectrics. The reason of the moderate value of ob-
served accelerating voltage may be in current leakage
from the high-voltage electrode, and/or in influence of
mounting capacitance that is between the high voltage
electrode and ground, and/or in nonlinearity of the pie-
zoelectric module.
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KBAPIIEBBI YCKOPUTEJIb 3APSI)KEHHBIX YACTMUI]

0.0. Heawyk, A.B. lllacun, A.C. Kyoankun, U.C. Huxynun, B.C. Mupownuxk, B.H. Boakos, B.1O. Honuou,
A.C. Uenypnos, A.H. Oneiinuk, /I.A. Jlenewko, M.A. ’Kyxosea

[pencraBneHbl pe3ysIbTaThl MEPBBIX IKCIEPUMEHTOB C MHE303JIEKTPHICCKIM YCKOPHUTEIEM, MOCTPOSHHBIM Ha
KpHUCTaJlIaX KBaplia B KAUECTBE [TbE30XJIEMEHTOB. Y CKOPSIIOIIEee HAIPSHKEHNUE B TAKOM KBApIIEBOM YCKOPHTEIE CO3-
JaeTcs MPU CKATHH B BaKyyMe KPHUCTAIUIOB KBapiia BIOJb MOMAPHON ocH. OmucaHbl KOHCTPYKIIHMS KBapIIEBOIO yc-
KOPUTEJIS ¥ Pe3yNIbTATHl U3MEPEHHI CIIEKTPOB PECHTTEHOBCKOIO U3IyUEHHS, KOTOPOE MPOU3BOTUTCS 3JICKTPOHAMHU,
YCKOPEHHBIMH B TakoM yckopurene. O6Cyxmaercs: yCKopsioliee HanpsDKeHHE B KBapLEBOM YCKOpHTENe, HaOlro-
JIAEMOE B DKCIICPUMEHTE.

KBAPILIOBUI1 TIPUCKOPIOBAY 3APSIIPKEHUX YACTUHOK

0.0. Isawyk, A.B. lHazcin, A.C. Kyéankin, I.C. Hikyain, B.C. Mipownux, B.1. Bonkoe, B.IO. Ionioi,
A.C. Uenypnos, A.H. Oneiinuk, /. A. Jlenewko, M.A. ’Kyxosa

[IpencraBiaeHO pe3yabTaTd IEPIIMX EKCIHCPHUMEHTIB 3 IT€30CJCKTPUYHUM MPUCKOPIOBAYEM, MOOYIOBAHUM Ha
KpHUCTalax KBapIly B SIKOCTI IT'e30eieMeHTIiB. [IpuckoproBaabHa Halpyra B TaKOMY KBapIlOBOMY IPHUCKOPIOBadi
CTBOPIOETHCS TPU CTUCHEHHI Y BAKyyMi KPUCTAJIiB KBapILy Y3I0BXK MOISAPHOI oci. OnucaHi KOHCTPYKIIisS KBAPIIOBOTO
MIPUCKOPIOBAYa 1 Pe3yJIbTaTH BUMIPIOBaHb CIEKTPIB PEHTT'CHIBCHKOIO BHUIPOMIHIOBAHHS, SIKE BUPOOJISETHCS CIICKT-
pOHaMU, MPUCKOPEHUMH B TAKOMY MPUCKOpIoBayi. OOrOBOPIOETHCS MPUCKOPIOIOYA HAMIPYTa B KBAPIIOBOMY ITPHCKO-
pIOBadi, 10 CIIOCTEPIra€ThCSA B CKCIICPUMEHTI.
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